WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(51) International Patent Classification ^ ; 
A61K 31/56, C07J 5/00, 7/00 


Al 


(11) International Publication Number: WO 98/50041 

(43) International Publication Date: 12 November 1998 (12.1 U98) 


(21) International AppUcation Number: PCT/US98/07712 

(22) International Filing Date: 15 April 1998 (15.04.98) 


(30) Priority Data: 
08/851.780 
08/887,215 


6 May 1997 (06.05.97) US 
2 July 1997 (02.07.97) US 


(71) Applicant: IMARX PHARMACEUTICAL CORP. [US/US]; 

1635 East 18th Street^ Tucson. AZ 85749 (US). 

(72) Inventor: UNGER, Evan, C; 13365 East Camino La Cebadilla, 

Tucson. AZ 85749 (US). 

(74) Agents: MILLER, Suzanne. E. et al.; Woodcock, Washburn, 
Kurtz. Mackiewicz & Norris, 46th floor. One Liberty Place. 
Philadelphia, PA 19103 (US). 


(81) Designated States: AU, BR, CA, JP. European patent (AT. BE. 
CH, CY, DE, DK, ES, H, FR, GB. GR, IE, IT, LU. MC, 
NL, PT, SE). 


Published 

With international search report. 


(54) Title: NOVEL PRODRUGS COMPRISING FLUORINATED AMPHIPHILES 
(57) Abstract 

The present invention describes, inter alia, novel prodrugs comprising fluorinated amphiphiles, compositions comprising the novel 
prodrugs, and methods of use of the prodrugs and compositions. 


AL 

AM 

AT 

AU 

A2 

BA 

BB 

BE 

BF 

BG 

BJ 

BR 

BY 

CA 

CF 

CG 

CH 

a 

CM 
CN 

cu 
cz 

DE 
DK 

EE 


FOJt THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on ,h. r . 

y to the PCT on the front pages of pamphlets publishing 


Albania 
Armenia 
Austria 
Australia 
Azerbaijan 

Bosnia and Herzegovina 

Barbados 

Belgium 

Burlcina Faso 

Bulgaria 

Benin 

Brazil 

Belarus 

Canada 

Central African RepubJic 

Congo 

Switzerland 

Cate d'lvoire 

Cameroon 

China 

Cuba 

Czech Republic 
Gemiany 
Dcnmaric 
Estonia 


n 

GA 
GB 
GE 
GH 
GN 
GR 

HU 

IE 

IL 

IS 

IT 

JP 

KE 

KG 

KP 

KR 

K2 

LC 

U 

LK 

LR 


Spain 
Finland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Israel 

Iceland 

Italy 

Japan 

Kenya 

Kyrgyzstan 

Democratic People's 

Republic of Korea 

Republic of Korea 

Kazakstan 

Saint Lucia 

Liechtenstein 

Sri Lanka 

Liberia 


international applications under the PCT. 


LS 
LT 
LU 
LV 
MC 
MD 
MG 
MK 

ML 
MN 
MR 


Lesotho 

Ltthuanta 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mali 

Mongolia 
Mauritania 


MW 

Malawi 

MX 

. Mexico 

NE 

Niger 

NL 

Netherlands 

NO 

Norway 

NZ 

New Zealand 

PL 

Pbland 

PT 

Portugal 

RO 

Romania 

RU 

Russian Federation 

SD 

Sudan 

SE 

Sweden 

SG 

Singapore 


SI 
SK 

sn' 

S2 
TD 
TG 
TJ 
TM 
TR 
TT 
UA 
UG 
US 

uz 

VN 
YU 
ZW 


Slovenia 

Slovakia 

Senegal 

Swaziland 

Chad 

Togo 

Tajikistan 

Turinncnistan 

Turkey 

Trinidad and Tobago 

Ukraine 

Uganda 

United States of America 

Uzbekistan 

Viet Nam 

Vugoslavia 

Zimbabwe 


PCTAJS98/07712 

WO 98/50041 

- 1 - 


NOVEL PRODRUGS COMPWSD.G FLUOP^ATEI. AMPHMn.ES 

?rht°^ Applirations 

• • „or»r>f!I<; Aoolication No. 08/851,780, 
This is a continuation-in-part ot U.i. Appiiv- 

f„ed May e. ,,97, ,h. «osu,e of . ..*y '^'^"^ ^ " 

5 entirety. 

v\M nf the I nvention 
The present invenuon describes, ir,ter alia, novel prodrugs comprising 
fluorinated amphipMles, co.pos..ons comprising the novei prodrugs, and methods of 
using the novel prodrugs and compositions. 
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p«Pb grniind p f**"- Invention 

• fi^rmcnf active drugs where a chenucal group 
Prodrugs comprise mactive forms ot active oruga 

, p,esea, on .he p,oa™g which renders i, ina«ive and/o, oonfe« so,u«.y o, s„n,e «her 

r e^y ,0 .he a.. Pro.n,g. are sener.., Inao^ve, once .he che^rcal group has 

: cLed from .he prod... »y hea., caviu^o. pres^re, and/or en^es ...he 

, 5 urroonding e„viro„™„.. .he acive dmg . generared. Prodnrgs «y be desrgncd as 

Se dmg deHva.,ves and u.»i..d as .odHiers .o enhance d,.g -ranspon « ^e- 

;* Ussne . Prodrugs described U, *e aru for examp,. in Singula e. a>., . 
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Pharm. ScL. 64:]8,-2I0 (1975), the disclosure of wWch is hereby incon^orated herdn 
by reference in its entirety. 

It is often difficuh to deliver appropriate concentrations of therapeutic 
compounds ,o target tissues. For example, in ophthabnic therapy, eye drops may be 
> used to deliver steroid honnones to the eye. However, the duration of action is shon 
and less than of the steroid honnone typically penetrates the cornea. As a partial' 
solution to this problem, intraocular injections have been used to increase the dosage 

The design of prodrugs to date has been to increase the effective water 
solubility of the therapeutic compound for targeting to regions where water is the 
principal solvent. For example, Fedorak. et al.,^;;,. J. Physiol, 269:G210-218 (1995) 
descnbe dexamethasone-P-D-glucuronide; McLoed, et al.. GastroemeroL, ,06-405-413 
(1994), descnbe dexamethasone-succinate-dextrans; and Hochhaus, et al. Biomed 
CHrom., 6:283-286 (1992). descr^'be dexamethasone-21-sulphobenzoate sodium and 
dexamethasone-2 1 -isonicotinate. 

A new way of delivering higher concentrations of bioactive agents to target 
nssues IS needed in the art to improve the efficacy of the bioactive agents. The present 
invention is directed to these, as well as other, important ends. 

Summary n f the InvpnHnn 

The present invention describes novel prodrugs comprising fluorinated 
20 amphiphiles. one embodiment, the invention describes compounds comprising a 
bioactive agent covalently bonded to a fluorinated amphiphilic moiety via a linking 
group. Preferably, the compound is of the formula (I): 

R-(X)_-D 
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'V 

(I) 


where R ,s a fluo^^d amphiphilic moiety; X i, a Ii„ki„g g,„„p p ,.„„^„ „ 
or and D . a bioacive agem. The linking group X n>ay, for example, comprise an 
an>,^gro„p. an esrer group, . e,her group, an anhydride ^oup. a disulfide group, ^ 
SO,NH group, an am,„o group, a ihio group or an alicyl group. The bioacive agen. D 
may be any suitable b,oacive agen. ineiuding *ose described here,n. The fluorinated 
amph,ph,l,c mo.e,y R may be any of a wide varied of fluorinated amphiphilic mo,e,ies 
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^a.^,. for «a™p,e, *e „o«cs of *e fo-. (H), fonnula (»). fonnuU 
foiTOula (V) and/or formula (VI): 

CF3-(CF,V(CH:)„-C(=0)-0H 
(II) 

C,F,..r(CH^r(OCHpH),OH 
(III) 

X IS . ...» of .0. a.o», . .0 a.o« . ,s . ..es. of fro„ 

to about 20; ^„ x r. a 

QF,,.r(CH.)r(OCH,CH,)rO-A 

(IV) 

A is a monosaccharide or a disacchande; 

(Xi— Ri)x 
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(Ri — Xi) y — R2 — Y Ra Z 


(Xi — Ri)z 


(V) 

-SOr, -C(-XJ , ^2; le 1 nr 9- X is a direct bond or - 

u ^ V Mr=nVOR.'l -0-, where q is 1 or 2, A3 is a uuc^i 
or Y is a direct bond or -Xj-M^ ^A'^^h ^ ^ ^ . 

,0 0 M PorS.ZisaMroB=»-,.h..»ia.ofaMrop*p^^^^^ 

30 c..o„ a.o» 0, a nuori^atcd al^- ^up of • a.ou. 30 ^^^^ 
. .0.6 or an aU^-ene ,in.i„s group of . » abou. .0 carbon ..^^ R. = 
^„d or an alM-e group of . to abou. .0 carbon au»s; each of R. and R, 
,S ripcndendy a hydrogen atom or an aM pouP ' » « '""^ 

indepen-..y a « ar™. an a,M gronp of - » abou. S carbon arorns 
r luc of a hydropbiHc pOyme. provided *a, a, >=as. one of X, y and . .s >, a. 
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least one of R, is a flubrinated alkyl groun of 1 to ahn.,f ■xn ^ u 

<^yi group or 1 to about 30 carbon atoms; provided that 

when R, ,s a direct bond, two of x. y and z are each 0; and/or 


(XiRi)x 

(Ri Xi)y— Y— R3 — Z— CCH20{CH2CH20)eCH2CH20CH2COH 
(XiRi)2 0 I 

(VI) 

where R, R,, R,, X., Y, Z, x, y and z are as defined above in formula (V); and e is an 
integer of from 1 to about 30.. 

Another embodiment of the invention is directed to compositions comprising, in an 
aqueous carrier, a compound of the formula (I). The composition may also comprise a 
w,de variety of additional component, including, for example, one or more of gases 
gaseous precursors, liquid, oil, stabilizing material, targeting ligands and/or other ' 

bioactive agents. 

Another ecbodtaen, of ,he inv™ describes methods of delivering a bioacive .ge„, 
.0 a pa„em and/or ,.ea,i„g a condition in a p„ie„, c„„,prisi„g ad„,i„is,erins .0 .he panen, 
a co^posmon comprising a compound of ,he fom,ul, (,). ^ 
taher coniprise d,e s,ep of imaging ,he paUem ™,h diagnosUc imaging, such as 
ulTasound, ,o mo..,or ,he locanon of ,he composidon in .he pa,ien,. Also, if desired d,e 
m..hod may comprise slep of applying .hcrapeuU, „,^,,„„„, „^ ^^^^^ 
fac,l,.a,e delivery of d,e bioaeuve agem in a desired region of ,he parien, The 
comporirion may also comprise one or mor. of a wide variery of components, inching 
fcr example, gases, gaseous precursors, litprids, oils, stabilizing marerials. .argering ' 
Iigands and other bioactive agents. 

These ^d other aspects of the ,nve„,ion ^11 become more apparent from Ute following 

detailed descnptioa 
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DetailedDescdEti^^ 

characterized by a polar head group, for example, a p P ^ ^ 

„„„re„ohpo,ar,al>p.a,lccha..rore.a™p.e,pal,«.,.^^^ 
^phiphiHe.noi«y-efersroanampMph.,,c co.po™d^ 

,„ a,„. of dre amp.phillc compound . replaced -^^ '^^^^.^^.^.l,^,^ 
fonn .he fluorina.ed amphiphilic compound, are polynuonnated, 

i hTc moietv- refers >o amphiphilic compound, which conram »0 or more 
Z!^!: — .edamph.^^^^ 

h al, dre hydrogen arom. have heen replaced wi* a nno^e a.om^ 
, ■Amphipa.y-refersro.he— usa»ac.i<.^dr.^^^^^^^^ 

or ion comaining one or more groups havrn. an afn^^^^j^cP 
»hich .hey are dissolved, emulsified and/or suspended, .ogethc " 

,.ps,ha..end.ohee.pelledfromd.e^oW.p..^^^^^^^^ 

..Upid" refers ,o a -'-'^^-^^'T'lZ^ZU ^^9^^' a hydrophilic 
,0 compound »h,ch is generally amphrpa^K. L^^ ^ 

componen. and a hy*ophob,c — l^^^^ ,„colipids, 

M. nniiral fats phosphatides, fluonnated lipids, oils, iiu 
acid., neutral fats, P P^^ „„„„^^3nts), aliphade alcohols, waxes, 

surface active agents (surfactants an ...... „„,„ji a^us a natural 

,en,c„es and sleroids. The phrase semi-synthetic (modified natural) 

„ compound that has been chemically modi« -^^^ 
..surfactant" refets to a surface active ^e^^ wtach P 
lension. Surface active agents include, for example, g ^ 
emulsifiers. ••Fluorosurfactant" refers to a surface active agent in which 

— :::;rrrer=^^^^^ 

peir'ni.^- -cordin,,, UiCudedwithin the ^ "polymc.. may e, for 
1-^imers and oligomers. Ue polymer may be synthetic, naturally 


10 


wo 98/50041 

PCT/US98/07712 


occun^g or .cn,is>.4«ic. ,„ , p^rf^ed fon„, -^y^. ,„ 
compme 10 or more repeatiiig units. 

•Protei.- rete ,o molecules comprising, and preferably consisdng essemially o£ 
«-anmo acids in peptide lidtages. Included «lnn the tem, "protein" are glob-W 
proteins such as albunnns, globulins and histones, and «brous proteins such as collagens 
elasnns and keratins. Also included within the tenn "protein" =.e "compound protei,^ »' 

whereinaprotein molecule isu^ed^thanonprotdn molecule, such as nudeoproteitis 
muc^proteins, lipoprotems and metaUoprotrins. The proteins may be naturally-occutring 

synthetic or serai-synthetic. 

■Vesicle" refers to an enUty wfcb is generally characterized by the presence of one or 
more walls or membranes which form one or more intemal voids. Vesicles may be 
formulated, for example, from a stabiliing material such as a lipid, includmg the various 
ptds described herein, a protein.ceous materia including the various proteins described 
heretn, a polymeric material, including the various polymeric materials described herein 
and a surfactan, includtng the various surfactants described herein. As discussed herein 
vestcles may dsn be fomtulated from carbohydrates and other stabilizing materials as ' 
destred. The lipids, proteins, polymers, sutfactants, and/or other vesicle fomting 
stabth^ng materials may be natur^ synthetic or semi-synthetic. Prefet^ed vesicles are 
those wh,ch comprise walls or membranes fomtnlated from lipids or surfactants Th. 
wal s or membranes may be concentric or othenvis. ^e stabi,i.h,g compounds may be 
m the fonn of one o, more monolayers or bilaym. In the case of more than one 
monolayer or bilayer, the monolayers or bilaym may be concentric. Stabilizing 
compounds maybeused to form a unilamellar vesicle (comprised of one monolayer or 
.layer) an oligolamellar vesicle (comprised of about two or about three monolayers or 
-5 .layers or a multilamellar vesicle (comprised of more than about three monolayers or 
. .layers). The walls or membranes of vesicles may be substanrially solid (unifonn,, or 
.hey may be porous or semi-porous. The vesicles described herem include such entides 

commonly referred to as, for example. Hposomes,„,icelles, bubbles, microbubbles 
m.crospheres. lipid-coated bubbles, polymer-coated bubbles and/or protein-coated' 
bubbles, tr-crobubbles and/or microspheres, nanospheres, microballoons, microcapsules 
aerogels, clathrate bound vesicles, hexagon. H „ phase structures, and the like The ' 
.mental vo,d of the vesicles may he filled with water, oU, liquids, gases, gaseous 
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compriseali.lg«i"8li8»«l.if'"»""' M,l ctasta or aggregate of 

■Uposon^e- refers .o a gener* sp^eHca, ^^^f one or more 

3 conceo.ric,aver.fore,a.p,e,— sor.^.^^^^^ 

— refe,.oeo„o..e..,e.for™.e..o„M.~ 
,0 ...odi»enu,.he™ceUescor.prlseamono,.,er.ba.ver,orhexagona, 

ro;.efe..oge.r...^^^^^^ 

:r:::— ^^^^^^ 

, , Lral — such as carboM-- '^y^'^'^^l'^^'^'y ^= 

..Carhrare- refers .o a soM, se^-porons or porous p^c e * ^^^^^ 
curves*. Ir,apreferre.for,n,,hec,a.taa«s.a, o™a«^^^^ 

„.,.„..eo.p.eo„e — 

.aIe.:Uo„s..c.asa,,.eac.prec;p;..e..>*c.^»^^^^^^^^^^^^^ 

refers .0 a .™«ure of ,wo or „or. ^'"^^'^^^^^^ 
.eueraU, i„ ..e for. of a co«. The „.x.ure may he » >.P-^^. ~' 

,3 he homogeneous, or he-erogeueous,, .spersea -^-^^ ^t^^ ^„„,„,„^ 
,he«pidsmayheaggrega.edi„.hefcr™of.fore™p.e,c.us,ersor,.y 

"Suspension or dispersion 

„„re p^es (so„d, »,u. or gas), such as, for '^^^J^^ ' 
30 iu n^id, and .he „.e whrch prefera* can renrarn ^ ^^^ , J,,„„ „r lipids in 
■H^agona, H „ phase s,.uc.ure- ref.s ro a^^. 
,i,„id media, for example, aqueous medra, rn whrch .he hydrop 
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m me Hexagonal phase structure 

5 -G. «,W vesic,.. „fe. ,o » vesiCc having . ^e.p.„,e.cd .herein ■■Gaseous 
ves.,.. ,efe„ .„ , ^ ^^^^^ _ 

. TT,e ves.,es ^ ^^^^^^^^ 

"..b ^e ,3s and.. ,aseo. p^cso.. Tie .e™ ■■subs.ao.M.^ as used iu „fe™ce „ 
.he _ ,„^^ 

.he ,n.=™a, vo,d of .he sut«a„i.„ „„ed „sic,es ccpHses a gas a„d,or gaseous 

-«..h. p„,j MO 

■"•'-'^■''"^•'-uhs.a.^.ffl.edvesiCeseo.npHsesa.asa.d/o.gaseo. 
precursor, w,-d,g.ea«.,ha„a.ou.70r. 0.75V. being .o^prefe^ed. L ™ore 
Prefe^b,,, nearer d,an abou. SO., of.be inie^a, void of d,e subs.a„.a,„ n, J 
ves,c,es con,pr,ses a gas and/or gaseous precursor, witt grea.er ftan abou. m or « 

:r.:e:~:~^^^ 

suDslantially no gas or gaseous precureor, 
"Pauenr ^fers .0 a„in,a,s, i„,|„jj„g ^^^^y^ 

"Rcg-on Of a pa.ien.- refers .o a pa„ieu,. area or po.,ion of d,e paden, and in son,e 
.ns ances .o reg,ons d,roughou. .e e„.^ pa,e„, ^ J ^ 

E ^ well ^ olher bodily regions. ..ssues, lymphc«y,es, receprors, organs and fte 
h^. nc,ud.ng U.e vascu,a,ure and circuiaro^ sys.e™, and as well as diseased C 
: 7 ~ =f = P-en." includes, for exan,,, regions be 

ge.ed fo U,e delivery, of a bioaeiive agen^ and regions of elevaied .emperarure 
-c regi. Of a pa^en.^ , preferably in.™i, aldiougb, if desired, i, „ay d 
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---- 

1 5 polynucleotides. connection with methods 

■Oiagno* age„," «fers ,o a^ agen. *h b= 
,0, imaging a„ .,e,n. .eg.ob of a pa.an. a„d/o, ^^^l^J^Zo^.^ a^e." for 

20 .omography ,mag,„g of a P™" ° - .„ , p,,i,„, „H«h« o, no, 

^^^^^^^^^^ 

of bioaclve agent. ^ 
■Therapeutic agent," •■pharmacemical agent or dmg r ; 
,5 p,Lac.icagentw«chn,aybeusedin.hetreatn,ent(incMingtbeprevent.n^ 

diagnosra, alle».at«, or oure) ol a m y, „,,erial) may 

„.lcaay.ae^.pep.iae.Po.ypep..d«^^^^^^ 

,...Med^t«n.ben,ea.„gof.be,e^pb— 

30 ueuvciy bioactive agent, 

capable of transporting, moving or cairymg m vivo or 
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mcluding a prodrug, a targeting ligaod aod/or a diagnostic agent. Deiivery vehicles 
include, for example, stabilizing materials, vesicles, liposomes, micelles, aerogels 
clathrates. gas filled vesicles, gaseous precursor filled vesicles, gas and gaseous 
precursor filled vesicles, emulsions, suspensions, dispersions and hexagonal H II phase 


structures. 


15 


20 


25 


30 


"Genetic material" refers generally to nucleotides and polynucleotides, including 
deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). The genetic material may 
be made by synthetic chemical methodology known to one of ordina^ skill in the art 
or by the use of recombinant technology, or by a combination thereof The DNA and 
RNA may optionally comprise unnatural nucleotides and may be single or double 
stranded. "Genetic material" also refers to sense and antt-sense DNA and RNA that is 
a nucleotide sequence which is complementa^ to a specific sequence of nucleotides .n ' 
DNA and/or RNA. 

■stabilizing „,a«ri.l> or "s.abiliz.og compound" refers ,o any mareriaj which is capable 
of .mproving ,he stability of compositions containing the gases, gaseous precursors 
prodrugs, targeting ligands and/or other bioactive agents descdbed herein, including for 
example, mcttures, suspensions, emulsions, dispersions, vesicles, or the like 
Encompassed in the deSnition of "stabilizing material- are cenain of the present bioacth,e 
agents and prodntg. The improved stability involves, for example, the maimenance of . 

relauvely balanced condition, and may be exemplified, for example, by increased 
resistance of the composition against desttuction, decomposiuon, degradation and the 
l.ke. In the case of preferred embodiments involving vesicles fiUed with gases, gaseous 
precursors, prodntgs and/or bioactive agents, the stabilizing compounds may serve to 
etther fonn the vesicles or stabilize the vesicles, in either ™ay serving to minimize or 
substantially (including completely) prevem the escape of gases, gaseous precursors 
prodrugs and/or bioaaive agents from the vesicles until said release ,s desired The 'tenn 
"substantially," as used in the present context of preventing escape of gases, gaseous 
precursors, prodrugs and/or bioactive agents from U,e vesicles, means greater than about 
50/. .s maimained entrapped in the vesicles until release is desired, and preferably greater 

tanabou, 60V., more preferably greater than about 70%, evenmorepreferably greater 
than about 80-/., still even mote preferably greater than about 90-/., is maintained 
entrapped in the vestdes until release is desired. In parucularly preferred embodiments 
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10 


15 


greater than about 95% of the gases, gaseous precursors, prodn^gs and/or bioacfve agents 
are maintained entrapped until release is desired. The gases, gaseous precursors, prodrugs 
and/or bioactive agents may also be completely maintained entrapped (i.e., about 100% .s 
n^aintained entrapped), until release is desired. Exemplary stabilizing materials mclude. 
for example, lipids, proteins, polymers, carbohydrates and surfaaants. The resultmg 
^xture, suspension, emulsion or the like may comprise walls (i.e., films, membranes and 
the like) around the bioactive agent, gases and/or gaseous precursors, or may be 
substantially devoid of walls or membranes, if desired. The stabilizing may, rfdestred. 
form droplets. The stabilizing material may also comprise salts and/or sugars. In certain 
embodiments, the stabilizing materials may be substantially (including completely) cross- 
linked The stabilizing material may have a neutral, positive or negative charge. 

"Vesicle stability" refers to the ability of vesicles to retain the gas, gaseous precursor, 
prodmg and/or other bioactive agents entrapped therein after being exposed, for about one 
n^nute to a pressure of about 100 millimeters (mm) of mercury (Hg). Vesicle stabihty .s 
n,easu;ed in percent (%), this being the fraction of the amount of gas which is origmally 
entrapped in the vesicle and which is retained after release of the pressure. Ves.cle 
stability also includes "'vesicle resUience" which is the ability of a vesicle to return to us 
original size after release of the pressure. 
"Droplet" refers to a spherical or spheroidal entity which may be substantially liqu.d or 
, .hich may comprise liquid and solid, solid and gas. liquid and gas, or liquid, sohd and 
gas. Solid materials within a droplet may be, for example, particles, polymers, hpids. 

proteins, or surfactants, 
"Cross-link," "cross-linked" and "cross-linking" generally refer to the linking of two or 
more stabilizing materials, including lipid, protein, polymer, carbohydrate, surfactant 
5 stabilizing materials and/or bioactive agents, by one ore more bridges. The bridges may 
be composed of one or more elements, groups, or compounds, and generally serve to jom 
an atom from a first stabilizing material molecule to an atom of a second stabilizmg 
material molecule. The cross-link bridges may involve covalent and/or non-covalem 
associations. Any of a variety of elements, groups, and/or compounds may form the 
50 bridges in the cross-links, and the stabilizing materials may be cross-linked naturally or 
through synthetic means. For example, cross-linking may occur in nature in material 
formulated from peptide chains which are joinedby disulfide bonds of cystine residues, as 
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in keratins, insulins and other proteins. AJteraatively.. cross-linking may be eflFected by 
suitable chemical modification, such as. for example, by combining a compound, such as a 
stabilizing material, and a chemical substance that may serve as a cross-linking agent, 
which may cause to react by. for example, exposure to heat, high-energy radiation, 
5 ultrasonic radiation and the like. Examples include cross-linking by sulfur to form 
disulfide linkages, cross-linking using organic peroxides, cross-linking of unsaturated 
materials by means of high-energy radiation, cross-linking with dimethylol carbamate, and 
the like. If desired, the stabilizing compounds and/or bioactive agents may be 
substantially cross-linked. The term "substantially" means that greater than about 50% of 
1 0 the stabilizing compounds contain cross-linking bridges. If desired, greater than about 
60%. 70%, 800/., 90%, 95% or even 100% of the stabilizing compounds contain such 
cross-linking bridges. Alternatively, the stabilizing materials may be non-cross-linked. 
i.e., such that greater than about 50% of the stabilizing compounds are devoid of cross- 
linking bridges, and if desired, greater than about 60%, 70%. 80%, 90%, 95% or even 
1 5 1 00% of the stabilizing compounds are devoid of cross-linking bridges. 

"Covalent association" refers to an inteimolecular association or bond which involves the 
sharing of electrons in the bonding orbitals of two atoms. 

"Non-covalent association" refers to imermolecular interaction among two or more 
separate molecules which does not involve a covalent bond. Intennolecular interaction is 

20 dependem upon a variety offactors. including, for example, the polarity of the involved 
molecules, and the charge (positive or negative), if any, of the involved molecules. Non- 
covalent associations are selected from ionic interactions, dipole-dipole interactions, van 
der Waal's forces, and combinations thereof 
"Ionic imeraction" or "electrostatic interaction" refers to imermolecular interaction 

25 among two or more molecules, each of which is positively or negatively charged. Thus, 
for example, "ionic imeraction" or "electrostatic interaction" refers to the attraction 
between a first, positively charged molecule and a second, negatively charged molecule. 
Ionic or electrostatic interactions include, for example, the attraction between a negatively 
charged stabilizing material, for example, genetic material, and a positively charged lipid. 

30 for example, a cationic lipid, such as iauryltrimethylammonium bromide. 

"Dipole-dipole imeraction" refers generally to the attraction which can occur among two 
or more polar molecules. Thus, "dipole-dipole interaction" refers to the attraction of the 
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uncharged, partial positive end of a first polar molecule, commonly designated as 6*, to 
the uncharged, partial negative end of a second polar molecule, commonly designated as 
6-. Dipole-dipole interactions are exemplified by the attraction between the electropositive 
head group, for example, the choline head group, of phosphatidylcholine and an 
5 electronegative atom, for example, a heteroatom, such as oxygen, nitrogen or sulphur, 
which is present in a stabilizing material, such as a polysaccharide. "Dipole-dipole 
interaction" also refers to intermolecular hydrogen bonding in which a hydrogen atom 
serves as a bridge between electronegative atoms on separate molecules and in which a 
hydrogen atom is held to a first molecule by a covalent bond and to a second molecule by 
10 electrostatic forces, 

"Van der Waal's forces" refers to the attractive forces between non-polar molecules that 
are accounted for by quantum mechanics. Van der Waal's forces are generally associated 
with momentary dipole moments which are induced by neighboring molecules and which 
involve changes in electron distribution. 
1 5 "Hydrogen bond" refers to an attractive force, or bridge, which may occur between a 
hydrogen atom which is bonded covalently to an electronegative atom, for example, 
oxygen, sulfiir, or nitrogen, and another electronegative atom. The hydrogen bond may 
occur between a hydrogen atom in a first molecule and an electronegative atom in a 
second molecule (intermolecular hydrogen bonding). Also, the hydrogen bond may occur 
20 between a hydrogen atom and an electronegative atom which are both contained m a 
single molecule (intramolecular hydrogen bonding). 

"Hydrophilic interaction" refers to molecules or portions of molecules which may 
substantially bind with, absorb and/or dissolve in water. This may result in swelling 
and/or the formation of reversible gels. 
25 "Hydrophobic interaction" refers to molecules or portions of molecules which do not 
substantially bind with, absorb and/or dissolve in water. 

"Biocompatible" refers to materials which are generally not injurious to biological 
fijnctions and which will not resuU in any degree of unacceptable toxicity, including 
allergenic responses and disease states. 
30 "In combination with" refers to the incorporation of bioactive agents in a stabilizing 
composition of the present invention, including emulsion, suspensions and vesicles. The 
prodrug, targeting ligand and/or bioactive agent can be combined with the stabilizing 
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compositions in any of a variety of ways. For example, the prodnig, bioactive agent 
and/or targeting ligand may be associated covalently and/or non-covalently with the 
compounds or stabilizing materials. In the case of vesicles, the prodrug, bioactive agent 
and/or targeting ligand may be entrapped within the internal void of the vesicle; may be 
5 integrated within the layer(s) or wall(s) of the vesicle, for example, by being interspersed 
among stabilizing materials which form or are comained within the vesicle layer(s) or 
wall(s); may be located on the surface of a vesicle or non-vesicular stabilizing material; 
and/or any combination thereof In any case, the prodnag, bioactive agent and/or targeting 
ligand may interact chemically with the walls of the vesicles, including, for example, the 
1 0 inner and/or outer surfaces of the vesicle and may remain substantially adhered thereto. 
Such imeraction may take the form of, for example, non-covaient association or bonding, 
ionic imeractions, electrostatic imeractions, dipole-dipole interactions, hydrogen bonding, 
van der Waal's forces, covalent association or bonding, cross-linking or any other 
interaction, as will be apparent to one skilled in the art in view of the present disclosure. 
1 5 In certain embodiments, the interaction may resuh in the stabilization of the vesicle. The 
bioactive agent may also interact with the imier or outer surface of the vesicle or the non- 
vesicular stabilizing material in a limited mamier. Such limited interaction would permit 
migration of the bioactive agent or prodrug, for example, from the surface of a first vesicle 
to the surface of a second vesicle, or from the surface of a first non-vesicular stabilizing 
material to a second non-vesicular stabilizing material. Alternatively, such limited 
interaction may permit migration of the prodrug or bioactive agent, for example, from 
udthin the walls of a vesicle and/or non-vesicular stabilizing material to the surface of a 
vesicle and/or non-vesicular stabilizing material, and vice versa, or from inside a vesicle 
or noh-vesicular stabilizing material to within the walls of a vesicle or non-vesicular 
25 stabilizing material and vice versa. 

•Targeting ligand" refers to any material or substance which may promote targeting of 
tissues and/or receptors in vivo or in vitro with the compositions of the presem invention. 
The targeting ligand may be synthetic, semi-synthetic, or naturally-occurring. Materials or 
substances which may serve as targeting ligands include, for example, proteins, including 
antibodies, antibody fragmems, hormones, hormone analogues, glycoproteins and lectins, 
peptides, polypeptides, amino acids, sugars, saccharides, including monosaccharides and 
polysaccharides, carbohydrates, vitamins, steroids, steroid analogs, hormones, cofactors. 
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bioactive agents, and genetic material, including nucleosides, nucleotides, nucleotide acid 
constructs and polynucleotides. A "precursor" to a targeting ligand refers to any material 
or substance which may be converted to a targeting ligand. Exemplary targeting precursor 
moieties include raaleimide groups, disulfide groups, such as ortho-pyridyl disulfide, 

5 vinylsulfone groups, azide groups, and a-iodo acetyl groups. 

"Tissue" refers generally to specialized cells which may perform a particular fiinction. 
The term "tissue" may refer to an individual cell or a plurality or aggregate of cells, for 
example, membranes or organs. The term "tissue" also includes reference to an abnormal 
cell or a plurality of abnormal cells. Exemplary tissues include myocardial tissue, 

10 including myocardial cells and cardiomyocites, membranous tissues, including 

endothelium and epithelium, laminae, blood, connective tissue, including interstitial tissue, 
and tumors. 

"Receptor" refers to a molecular structure within a cell or on the surface of a cell which 
is generally characterized by the selective binding of a specific substance. Exemplary 
1 5 receptors include cell-surface receptors for peptide hormones, neurotransmitters, antigens, 
complement fragments, immunoglobulins and cytoplasmic receptors for steroid hormones. 

"Intracellular" or "intracellularly" refers to the area within the plasma membrane of a 
cell, including the protoplasm, cytoplasm and/or nucleoplasm. "Intracellular delivery" 
refers to the delivery of a bioactiye agent, such as a targeting ligand and/or prodrug, into 
20 the area within the plasma membrane of a cell. "Cell" refers to any one of the minute 
protoplasmic masses which make up organized tissue, comprising a mass of protoplasm 
surrounded by a membrane, including nucleated and unnucleated cells and organelles. 

"Alkyl" refers to linear, branched or cyclic hydrocarbon groups. Preferably, the alkyl is 
a linear or branched hydrocarbon group, more preferably a linear hydrocarbon group. 
25 Exemplary linear and branched alkyl groups include, for example, methyl, ethyl, n-propyl, 
i-propyl, n-butyl, t-butyl, n-pentyl, hexyl, heptyl, octyl, nonyl, and decyl groups. 
Exemplary cyclic hydrocarbon groups (cycloalkyl groups) include, for example, 
cyclopentyl, cyclohexyl and cycloheptyl groups. "Fluorinated alkyl" refers to an alkyl 
group which is substituted with one or more fluorine atoms, including, for example, 
30 fluorinated alkyl groups of the formula CF3-(CF2)„-(CH2)„-. where each of m and n is 
independently an integer from 0 to about 22. 
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"Acyl" refers to an alkyl-CO- group wherein alkyl is as previously described. Preferred 
acyl groups comprise alkyl of 1 to about 30 carbon atoms. Exemplary acyl groups include 
acetyl, propanoyl, 2-methylpropanoyl, butanoyl and palmitoyl. "Fluoroacyl" refers to an 
acyl group that is substituted with one or more fluorine atoms, up to and including 
5 perfluorinated acyl groups. 

"Alkylene" refers to a straight or branched bivalent aliphatic hydrocarbon group having 
from 1 to about 30 carbon atoms. The alkylene group may be straight, branched or cyclic. 
The alkylene group may also be unsaturated and/or substituted with one or more "alkyl 
group substituents." There may be optionally inserted along the alkylene group one or 
1 0 more oxygen, sulphur or substituted or unsubstituted nitrogen atoms, wherein the nitrogen 
substituem is alkyl as previously described. Exemplary alkylene groups include 
methylene, ethylene (-CH^CH^-), propylene (-(CH^),-). cyclohexylene (-C,H,o-), -CH=CH- 
CH=CH-, 

-CH=CH-CH2-, -(CF2)„(CH2)„-, wherein n is an integer from 1 to about 22 and m is an 
1 5 integer from 0 to about 22. -(CH,)„-N(R)-(CHj)„-, wherein each of m and n is 

independently an integer from 0 to about 30 and R is hydrogen or alkyl, methylenedioxy (- 
O-CH2-O-) and ethylenedioxy (-0-(CH^)^-0-). It is preferred that the alkylene group have 
about 2 to about 3 carbon atoms. The alkylene group may comprise a diradical, triradical 
or tetraradical. 

20 The present invention describes novel prodrugs comprising fluorinated amphiphiles. 
In one embodiment, the present invention describes compounds comprising a bioactive 
agent covalently bonded, via a linking group, to a fluorinated amphiphilic moiety. 
Alternatively, the bioactive agem may be covalently bonded directly to the fluorinated 
amphiphilic moiety. Encompassed in the use of these new compounds are novel 
delivery vehicles and methods of targeting. The compounds of the presem invention 
offer an improved therapeutic index and a capacity for activation either by in situ 
hydrolysis of labile bonds, by ulu-asound mediation, or by other energy-mediated 
delivery, such as microwave, radiofrequency or magnetic induction hypothermia, laser- 
directed photoactivation, hyperthermia or ablation. The compounds of the present 
30 invention provide for the incorporation of the prodrugs into fluorinated gas bubbles and 
fluorinated emulsions as well as other oil, liquid and/or solid matrix drug delivery 
systems. The novel prodrugs of the present invention utilize fluorinated lipids and 


25 


wo 98/50041 


PCTAjS98/07712 


-17- 

fluorinated lipid-soluble amphiphilic moieties which enable the bioactive agent to be 
incorporated into an acoustically active matrix, preferably where the matrix comprises 
one or more fluorinated gases and/or gaseous precursors. The present invention also 
provides site specific delivery and targeting to improve efficacy and decrease toxicity of 
5 the bioactive agent. Some aspects of the invention focus on applications where 
membrane traversal or fusion facilitates delivery. In the case of topical applications, 
such as of anti-inflammatories, water insolubilty promotes skin penetration and lifetime 
of the medicament at the targeted site. 

Generally, the invention describes derivatives of different classes of bioactive 
10 agents. These derivatives are designed to improve the lipophilicity of the bioactive 
agents and to provide chemical compatibility with stabilizing materials, lipid vesicles 
and other delivery vehicles. To facilitate their stable insertion into stabilizing materials 
and/or vesicle walls, fluorinated amphiphilic moieties capable of fusion or intercalation 
with stabilizing materials and/or vesicle compounds are covalently bound to the 
15 bioactive agents with or without a linking group. The prodrugs and/or fluorinated 
amphiphilic moieties may be in the form of a vesicle or may be non- vesicular, as 
desired. The nature of the bonds (including the linking group) between the fluorinated 
amphiphilic moiety and the bioactive agent is sufficiently labile to be readily 
hydrolyzed by native enzymes within the target cell or tissue or, alternatively, 
20 hydrolyzed by ultrasound or other applications of external energy. Other embodiments 
of the invention comprise derivitization of the prodrugs and/or delivery vehicles with 
targeting moieties such as carbohydrate adducts which exhibit affinity for receptor 
binding sites and/or spacer polymers such as polyethylene glycol. In still other 
embodiments, the prodrug will retain the bioactive properties of the underivatized form 
25 of the bioactive agent, but the lipid and other targeting facilitators will enhance 
efficiency of intercellular delivery. 

A wide variety of bioactive agents are useful in the present invention. Preferably 
the bioactive agent is derivatized or functionalized with a hydrophobic, fluorinated 
amphiphilic moiety, such as those described herein. The hydrophobic moiety increases 
30 the lipophilicity of the drug and may increase its octanol/water partition coefficient. The 
prodrugs are readily incorporated into lipid vesicles, micelles, monolayers, lipid and oil 
emulsions and polymeric microspheres. In a particulariy preferred embodiment, the 
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prodnigs may be incorporated into the stabilizing materials surrounding gas bubbles, 
gaseous precursors, foams and foam precursors. 

The fluorinated amphiphilic portion of the prodrug comprises a lipophilic material 
which enables the bioactive agent to solvate or partition into the gas and/or gaseous 
precursor matrix. A wide variety of different fluorinated amphiphilic materials may be 
used to create the prodrugs of the invention. Preferably the amphiphilic moiety consists of 
one or two polycarbon chains, each containing three or more fluorine atoms. Most 
preferably the tails or termini of the carbon chains at the end distal to the acyl end are 
heavily fluorinated or most preferably perfluorinated, while the proximal ends are 
hydrogenated. Alternatively, the amphiphilic moiety may comprise a polyfluorinated 
carbohydrate derivative. In either case, the fluorinated amphiphilic moiety is covalently 
bound to the desired drug to create a prodrug suitable for incorporation into the fluorinated 
matrix. 

Examples of suitable fluorinated amphiphilic moieties are discussed in detail 
1 5 herein, and include fluoroacyl chains of varying lengths and degrees of saturation, 
fluorinated diacylglyceryl derivatives, fluorinated derivatives of phosphocholine, 
fluoroglyosides and other fluorinated amphiphilic moieties, preferably polyethylene glycol 
Telomer B and Zonyl® series fluorosurfactants (DuPont Co., Wilmington, DE). Still other 
fluorinated amphiphilic compounds which may serve in this capacity are described in U.S. 
Application Serial No. 08/465,868, filed June 6, 1995, and U.S. Patem Nos. 5,276,146, 
5,344,930 and 5,562,893, the disclosures of each of which are hereby incorporated by 
reference herein in their entirety. 

In one embodiment, the present invention describes a compound of the 
formula (I): 

R-(X),-D 

(I) 

where R is a fluorinated amphiphilic moiety; X is a linking group; p is an integer of 0 or 1; 
and D is a bioactive agent. 

The fluorinated amphiphilic moiety R in formula (I) may be, for example, a 
compound of formula (II), formula (III), formula (IV), formula (V), formula (VI), formula 
(Vn) and/or formula (VIII). 
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In fonnula (I), R may be a fluorinated fatly acyl derivative, such as, for example, 
that of formula (II): 

CF3-(CF^,-(CH2L-C(=0).OH 
(11) 

5 where n is an integer of from about 7 to about 13, preferably from about 9 to about 1 1; and 
ra is an integer of from 1 to about 4, preferably 1 to about 2. Preferably, the fluorinated 
amphiphilic moiety of formula (II) attaches via the -COOH group to the linking group or 
bioactive agent. 

In formula (I), R may also be a fluorinated surfactant, such as, for example, a PEG 
1 0 Telomer type compound of formula (111): 

C,F^.r(CH2)r(OCH2CH,),-OH 
(ffl) 

where x is an integer of from about 6 to about 12, preferably from about 8 to about 10, 
more preferably about 9; and z is an integer of from about 8 to about 20; preferably from 
15 about 8 to about 16; still more preferably from about 8 to about 12; even more preferably 
about 8 to about 1 0; most preferably about 9. Preferably, the fluorinated amphiphilic 
moiety of formula (III) attaches via the -OH group to the linking group or bioactive agent. 

Further, in formula (I), R may be a fluorinated carbohydrate derivative, such as, for 
example, that of formula (IV): 
20 C,F^.r(CH,)2.(OCHXH2)rO.A 

(IV) 

where x is an integer of from about 6 to about 12; preferably from about 8 to about 10; 
more preferably 9; z is an integer of from about 8 to about 20; preferably from about 8 to 
about 16; more preferably from about 8 to about 12; still more preferably from about 8 to 

25 about 10; most preferably about 9; and A is a monosaccharide or a disaccharide. Suitable 
monosaccharides and disaccharides include, for example, allose, altrose, glucose, dextrose, 
mannose, glycerose, gulose, idose, galactose, talose, fructose, psicose, sorbose, rhamnose, 
tagatose, ribose, arabinose, xylose, lyxose, ribulose, xylulose, erythrose, threose, 
erythrulose, fijcose, sucrose, lactose, maltose, isomaltose, trehalose, cellobiose and the 

30 like. Preferably, the monosaccharide or disaccharide is glucose, dextrose, fructose, 

mannose, galactose, glucosamine, galactosamine, maltose, sucrose or lactose. Preferably, 
the fluorinated amphiphilic moiety of formula (IV) attaches via the sugar moiety "A" to 
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may be converted to a ^ 

■COOH g,o.p by „e,hods k.ow. ,„ „,e «ed i„ an (e.g., facing ,H, sugar wiU, Br, 

^"=°°-'HNO,.Th«.a«e,,,besugar,.oie,y„«,bea„achedv,a.h.-COOH 
5 8™p to the linking group or bioactiveagem. 
h fonnd. (I), R „„y b„ 

axa„,ple, m of fomula (V). which includes ,he compounds described i„ U S ' 
Applicadon Sena, No^ 08/465,868, filed June 6, I9«, ,he disclo^re of wMch i. hereby 
incoTioiated by reference herein in its entirety: 

(Rl— X,) j,_ _ Y _ _ 2 


(V) 

where each Of x.y and z is independenUyO or U each X, is independently -O- -S- . 
SO-, -SO,-. -NR.-, -q-X.,.. -CCXJ-O., -O.C(.XJ-, .C(.XJ.NR.. .NR..c(.x,;. X. 

,5 :;;'';^' = tT'°"^"-^'-"<--°XOR0.-O.,where,is , or 2; X. is . direct bond 
or -0-, M ,s P or S; 2 ,s hydrogen, the restdue of a hydrophilic po^er, a saccharide 

TZ ' ' ' °' ^' " ^ » Of , to about 

■*-^-*-'ofl,oaboutlOcarbo„atonts;eachofR..„dR,i.i„depe„dently 
rogen or an .ky, group of I to about S carbon ato.. and each ^ is independly 

hy rogen. an alky, group of I to about 8 carbon atou. or a residue Of a hydrophihc 
o^.en provided that at ,eas, one of „ and . is I, at leas, one of R. is a «uori„..ed 
I^Uroup Of I ,o about 30 carbon aton,. provided that when R, is a direct bond, two of 

X y and . are each 0. Preferably, the fluorinated at„p«pMic 

--'•-.atheZgrouptotheiin.nggrouporbioacriveagent. As discussed beZ theZ 
roup .„ay co^ai. for example, a reactive carboxy,, a„.„e. hydroxy, or thio, group '^^ 
.an attach to the .taking group or bioactive agent. ^tematM,, if the Z grou is a 
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saccharide residue, it may be attached to the linking group or bioactive agent following the 
method described for the fluorinated amphiphilic moiety of formula (IV). 

In formula (V), each of x, y and z is independently 0 orl, provided that at least 
one of X, y and z is 1. In some embodiments, two of x. y and z are each 0. In other 
embodiments, one of x, y and z is 0 or 1 and the other two of x, y and z are each 1, 
with one of x, y and z being 0 and the other two of x, y and z being 1 being more 
preferred. In other embodiments, each of x, y and z is 1. 

EachXi is independently -0-, -S-, -SO-, -SO^-, -NR^-, -CC-Xj)-, -C(=X2)-0-, 
-0-C(=X2)-, -C(=X2)-NR4- or -NR^-CC^X^)-. Preferably, each X^ is independently -0-, -S- 


10 


.C(=X2)-, -C(=X2)-0., -O.C(=X2)., -C(=X2)-NR,. or -NR4-C(=X2)-. More preferably, 
each Xi is independently -C(-X2)-0- or -0-C(=X2)-, most preferably -C(=X2)-0-. 
Each X2 is 0 or S, preferably 0. 

Y is a direct bond or -X3-M(=0)(OR5VO-, where q is 1 or 2. Preferably, Y is 
1 5 -X3-M(=0)(OR5)q-0-. M is P or S, preferably P. is a direct bond or -0-, preferably, a 
direct bond. 

Z is hydrogen atom, the residue of a hydrophilic polymer, a saccharide residue or - 
N(R«)„ where r is 2 or 3 . In preferred embodiments, Z is -N(R«)p 

Each Ri is independently an alkyl group of 1 to about 30 carbon atoms or a 
20 fluorinated alkyl group of 1 to about 30 carbon atoms, provided that at least one of Rj is a 
fluorinated alkyl group of 1 to about 30 carbon atoms. Thus, when only one of x, y and z 
is 1, Ri is necessarily a fluorinated alkyl group of 1 to about 30 carbon atoms. In preferred 
embodiments, where one or none of x, y and z is 0, and preferably where one of x, y and z 
is 0 and the other two of x, y and z are each 1, at least one of R, is an alkyl group of 1 to 
25 about 30 carbon atoms and at least one of R, is a fluorinated alkyl group of 1 to about 30 
carbon atoms. In other embodiments, each Ri is independently a fluorinated alkyl group 
of 1 to about 30 carbon atoms. When a fluorinated alkyl group of 1 to about 30 carbon 
atoms, R, is preferably a polyfluorinated alkyl group of 1 to about 30 carbon atoms, with a 
perfluorinated alkyl group of 1 to about 30 carbon atoms being more preferred. When a 
30 fluorinated alkyl group of 1 to about 30 carbon atoms, Rj is preferably C„F2„+i-(CH2)m-, 
where n is 1 to about 16, preferably about 9 to about 14, and m is 0 to about 18, preferably 
1 to about 10, more preferably 1 to about 4. 
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Rz IS a direct bond or an alkylene linking group of 1 to about 10 carbon atoms, 
provided that when is a direct bond, two of x, y and z are each 0. Preferably, Rj is a 
direct bond or an alkylene linking group of ] to about 4 carbon atoms. More preferably, 
Rj is an alkylene linking group of about 3 carbons. Even more preferably, R^ is -CH,- 

R3 is a direct bond or an alkylene diradical of 1 to about 10 carbons. Preferably, R 
is a direct bond or an alkylene diradical of 1 to about 4 carbon atoms. More preferably, R3 
is an alkylene diradical of about 2 carbon atoms. Even more preferably, R3 is -CH^CH,-. 

Each of R^ and R^ is independently a hydrogen atom or an alkyl group of 1 to 
about 8 carbon atoms, preferably of 1 to about 4 carbon atoms. More preferably, each of 
R4 and Rj is a hydrogen atom. 

R« is a hydrogen atom, an alkyl group of 1 to about 8 carbon atoms or a residue of 
a hydrophilic polymer. Preferably, R, is a hydrogen atom or an alkyl group of 1 to about 
4 carbon atoms. More preferably. R, is a hydrogen atom or a methyl group, with a methyl 
15 "group being even more preferred. 

When any symbol appears more than once in a particular formula or substituent, 
such as, for example, in formula (V), its meaning in each instance is independent of the 
other, unless otherwise indicated. This independence of meaning is subject to any of the 
stated provisos. Also, it is intended that when each of two or more adjacent symbols is 
defined as being "a direct bond" to provide multiple, adjacent direct bonds, the multiple 
and adjacent direct bonds devolve into a single dirert bond. 

Z and R, in the definition of Z in formula (V), can be the residue of a hydrophilic 
polymer. Exemplary polymers fi-om which Z and/or R, can be derived include polymers 
in which the repeating units comain one or more hydroxy groups (polyhydroxy polymers), 
including, for example, poly(vinyl alcohol); polymers in which the repeating units contain 
one or more amino groups (polyamine polymers), including, for example, peptides, 
polypeptides, proteins and lipoproteins, such as albumin and natural lipoproteins; 
polymers in which the repeating units contain one or more carboxy groups (polycarboxy 
polymers), including, for example, carboxymethylcellulose, alginic acid and salts thereof, 
such as sodium and calcium alginate, glycosaminoglycans and salts thereof, including salts 
of hyaluronic acid, phosphorylated and sulfonated derivatives of carbohydrates, genetic 
material, such as imerleukin-2 and interferon, and phosphorothioate oligomers; and 


20 


25 


30 


wo 98/50041 


PCT/US98/07712 


- 23 - 

polymers in which the repeating units contain one or more saccharide moieties 
(polysaccharide polymers), including, for example, carbohydrates. The molecular weight 
of the polymers from which Z and/or are derived may vary, and is generally about 50 to 
about 5,000,000, with polymers having a molecular weight of about 100 to about 50,000 
5 being preferred. More preferred polymers have a molecular weight of about 150 to about 
10,000, with molecular weights of 200 to about 8,000 being even more preferred. 

Preferred polymers from which Z and/or are derived include, for example, 
poly(ethy]ene glycol) (PEG), poly(vinylpyrrolidine), polyoxomers, polysorbate and 
poly(vinyl alcohol), with PEG polymers being particularly preferred. Preferred among the 
10 PEG polymers are PEG polymers having a molecular weight of from about 100 to about 
10,000. More preferably, the PEG polymers have a molecular weight of from about 200 to 
about 8,000, with PEG 2,000, PEG 5,000 and PEG 8,000, which have molecular weights 
of 2,000, 5,000 and 8,000, respectively, being even more preferred. Other suitable 
hydrophilic polymers, in addition to those exemplified above, will be readily apparent to 
1 5 one skilled in the art based on the present disclosure. Generally, polymers from which Z 
and/or are derived include polymers that can be incorporated in the fluorinated 
amphiphilic compounds via alkylation or acylation reactions. 

As with the various polymers exemplified above, it is contemplated that the 
polymeric residues can contain functional groups in addition, for example, to those 
20 typically involved in linking the polymeric residues to the fluorinated amphiphiUc 

compounds. Such fiinctionalities include, for example, carboxyl, amine, hydroxy and thiol 
groups. These fijnctional groups on the polymeric residues can be further reacted, if 
desired, with materials which are generally reactive with such functional groups and which 
can assist in targeting specific tissues in the body including, for example, diseased tissue. 
25 Exemplary materials which can be reacted with the addhional fiinctional groups include, 
for example, proteins, including antibodies, carbohydrates, peptides, glycopeptides, 
glycolipids, lectins and nucleosides. 

In addition to residues of hydrophilic polymers, Z in formula (V) can be a 
saccharide residue. Exemplary saccharides from which Z can be derived include, for 
30 example, monosaccharides or sugar alcohols, such as erythrose, threose, ribose, arabinose, 
xylose, lyxose, fiiactose, sorbitol, mannitol and sedoheptulose, with preferred 
monosaccharides being fiaictose, mannose, xylose, arabinose, mannitol and sorbitol; and 
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acca^ e. . ,.c,o., ^ 
™ ™. oe„e^,, ^ . 

Prefeed fl„ori„.,ed ^phipMic ,ta „. „M„ 4, „f 

formu. (V, ,h. ^p^,,,, ^^^^ 


OH 


(Va) 

wh.e „ is ,„ ,™ , „ ,3 

Infonnu,a(r).K.a,a,sobeafluo.„ated..pMphi,ic.oi^ 

(XiRi)x 

' I ' "20^CH2CH,0)eCH2CH.OCH,COH 

O 

^> 
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. w tq Preferably the fluorinatedamphiphilic moiety of 

compound of the formula (Via): 

CF3(CF2)n(CH2)m (CH2)m(CF2)nCF3 


o=c c=o 


5 0 0 0 

hI— LcH,olo(CH.,„,NH-CCH,0,C«.CH.O,,CH,CH.OCH.COH 

L I 
(Via) 

. d n, ar= as define, above in fommla (Va) and where e is as defined above .n 
where n and m are as aenncu a • . „ffnrmnlafVIaUttachesvia 

fonnuMViy P,.ferably,.hefluonna,edamphipl.l.cn.o,e,yoffonnula(VIa) 

,„ ,h,.cOOH group to to linliing group or bioaaive agent. _ 
f urther, i! fomtula («, K ™y be a iluoHnated fatt, acy> derrvauve, .ch as, for 
example, that of formula (VII) : 

CF3-I-T-C(=0)-0H 
(VII) 

■ r ^ (UK mav be a fluorinated lipophilic derivative, such as, 
1 5 Still further, m formula (1), R may oe a nuu 

for example, that of formula (VIIT): 

0 0 

CF3— J— T COCHCH2OPO — T N(CH3)3 

20 I 

OH 

CH2OC T J CF3 


(vni) 
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In the above fomulas (VII) and (Vin), J is (-(C=C),.-(CF^,,-(C=C),3-{CF,)^-(C=C V 
^^MC=CX,.(CT,X,.^C=Q,ACT^^^^^^ where pi, p2, p3, 

P4. p5. p6, p7. p8, p9, plO. pi 1, pl2 and pl3 are independently an integer of 0 1 or 2 
provided that the sum of (pi . p2 + p3 p4 + p5 f p6 + p7 + p8 . p9 f plO ^ pll pl2 
5 pI3) IS an mteger of from about 7 to about 13. and provided that at least one of p2 p4 p6 
P8, plO or pl2 is an integer of at least 1; and where T is (-(C=C)..-(CH^,-(C=C),-(CH,).- 
). where tl, t2, t3, and t4 are independently an integer of 0. 1 or 2; provided that the sum of 
(tl + 12 + 13 + 14) is an integer of from 1 to about 4. Preferably, the fluorinated 
amphiphilic moiety of formula (VII) attaches via the .COOH group to the linking group or 
1 0 bioactive agent. Preferably, the fluorinated amphiphilic moiety of fonnula (VIII) attaches 
v.a the -OH group (located on the phosphorous atom) to the linking group or bioactive 
agent. 

In the compound of formula (I), X is a linking group when p is 1. Preferably X is 
a biodegradable linking group selected from the group consisting of an amide group, an 
1 5 ester group, an ether group, an anhydride group, a disulfide group, an SO,NH group an 
amino group, a thio group and an alkyi group. More preferably, X is a linking group 
selected from the group consisting of -CONH-. -NCONH-, -C(=0)-0- -0- -Cf=0> O 
C(=0)-.-S-S-. '. 

-SO,NH., -NH-. -S-. and -(CH^„., where n is an integer of from 1 to about 12, preferably 

20 from 1 to about 8, more preferably from 1 to about 4. 

Alternatively, p is 0, such that no linking group, per .e. is in the compound 
Generally, p can be 0 if the bioactive agent contains an amide group, an ester group an 
ether group, an anhydride group, a disulfide group, an SO.NH group, an amino group a 
thio group or an alkyl group that can covalently bond to the fluorinated amphiphilic 

25 moiety. In view of the present disclosure and with knowledge of basic synthetic organic 
chemistry, one skilled in the art could readily deter^ne whether any particular bioactive 
agent could be covalently bonded to a fluorinated amphiphilic moiety without using a 
linking group. 

In the compound of formula (I). D may be a wide variety of bioactive agems 
30 Suitable bioactive agems for use in the prodrugs of the presem invention include for 
example, antineoplastic agent, blood product, biological response modifier, an'ti-fi.ngal 
agent, hormone, steroid, vitamin, peptide, peptide analog, enzyme, anti-allergenic 
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,g»,s ».«-coagula.io„ ag=n.s, crcutacy agems. «,-.ubercuto ag.n,s, an«.v.ral 
agents a«i-an8inal agenu, antibiotics, anti-inflanunatoty agents. analges,cs. an,,- 
lozoan agents, anti-— agents, narcotics, cardiac glycoside agents, chelates 
nenronn.sa.lar blocking agents, sedatives (hypnotics), local anesthenc agents, general 
, anesthetic agents, radioacnve particles, radioa„iv= tons, X-ra, contrast agen. 

monoclonal antibodies, polyclonal antWes and genetic tnatenal In v,.w of the present 
d.sdosnre, one skilled in the art could detetraine whether any panicnlar btoacttve agent 
lldbc^edintbecontponndsofthepresentinventionExantplesofsnnabebtoa^^^^^^ 

agents are listed belov.; however, Ute Us, U exemplary only and is not .mended to Itnnt 
0 bioaoive agents that maybe used in the present invention. 

/«,>.eop«c .s-r, include, for exannple, platinum contponnds (e.g., 
spiroplatin, cisplatin, and carboplatin), adriamycin, tnitomycin c, ansam,tocn, 
bleomycin, bleontycin sulfate, cytosine arabinoside. arabinosyl adenme. 
mercaptopolylysine, vincnstine, busulfan, chlorambncil. melphalan (e.g., PAM, L-PAM 
,5 or phenyWanine mustard), mercaptopnrine, nntotane, procarbazine hydrochlonde 

Jtmolycin (actinomycln D), daunombicin hydrochlCde. doxon.b.ctn hydroc«^^^ 
taxol, ntitontycin, plican,yci„ (™i.hramycin), atninoglutethimide, esnamustme p osph.e 

rtlostane, amsacrtne (nt-AMSA), asparaginase (L-asparaginase), Br^na asp»ag.nase, 
.0 etoposide (VP.,6), interferon .2. interferon tenipos,dc (VM-26), vtnblastmc 
sulfate (VLB), vincristine sulfate, mediotrexate, and carzelesm. 

Blood proiuas, include, for example, erythropoietin, parenteral iron, hennn, 
and hematopotphyrins and their derivatives. 

Biologkd response modifiers, include, for example, murantyldipepttde. 
25 muramyWpepttde. lymphokines (e.g.. bac^rial endotoxtn such as lipopolysacchande. 
macrophage activation factor), sub-units of bactena (such as Mycobactena. 
Co,yneba«eHa), the synthetic dipeptide, N-acetyl-muramyl-L-alanyl-D-isoglutamtne. 

and prostaglandins. 

Anti-funsal agents, include, for example, ketoconazole, nystatin, gnseofulvin, 
30 flucytosine (5-fc), miconazole, amphotericin B. ridn, and P-lactam antibiotics (e.g., 
sulfazecin). 


I 


wo 98/50041 

PCT/US98/07712 

- 28 - 

Hormones and steroids, include, for example, growth honnone, melanocyte 
stimulating honnone. adrenocortiotropic honnone, dexamethasone, dexamethasone 
acetate, dexamethasone sodium phosphate, cortisone, cortisone acetate, hydrocortisone 
hydrocortisone acetate, hydrocortisone cypionate, hydrocortisone sodium phosphate 
5 hydrocortisone sodium succinate, prednisone, prednisolone, prednisolone acetate, 
prednisolone sodium phosphate, prednisolone tebutate, prednisolone pivalate, 
triamcinolone, triamcinolone acetonide, triamcinolone hexacetonide, triamcinolone 
diacetate, methylprednisolone, methylprednisolone acetate, methylprednisolone sodium 
succinate, flunsolide, beclomethasone dipropionate, betamethasone sodium phosphate 
1 0 betamethasone, vetamethasone disodium phosphate, vetamethasone sodium phosphate 
betamethasone acetate, betamethasone disodium phosphate, chloroprednisone acetate 
cort.costerone. desoxycorticosterone, desoxycorticosterone acetate, desoxycorticosterone 
pivalate, desoximethasone, estradiol, fludrocortisone, fludrocortisone acetate, dichlorisone 
acetate, fluorohydrocortisone, fluorometholone. fluprednisolone. paramethasone 
15 paramethasone acetate, androsterone, fluoxymesterone, aldosterone, methandrostenolone 
methylandrostenediol, methyl testosterone, norethandrolone. testosterone, testosterone 
enanthate, testosterone propionate, equilenin, equilin, estradiol benzoate, estradiol 
dipropionate, estriol, estrone, estrone benzoate, acetoxypregnenolone, anagestone acetate 
chlonnadinone acetate, flurogestone acetate, hydroxymethylprogesterone. 
20 hydroxymethylprogesterone acetate, hydroxyprogesterone, hydroxyprogesterone acetate 
hydroxyprogesterone caproate, melengestrol acetate, nonnethisterone, pregnenolone 
progesterone, ethynyl estradiol, mestranol, dimethisterone, ethisterone, ethynodiol 
diacetate, norethindrone, norethindrone acetate, norethisterone. fluocinolone acetonide 
flurandrenolone, flunisolide. hydrocortisone sodium succinate, methylprednisolone 
25 sodmm succinate, prednisolone phosphate sodium, triamcinolone acetonide. hydroxydione 
sodium, spironolactone, oxandrolone, oxymetholone, prometholone, testosterone 
cyp.onate, testosterone phenylacetate, estradiol cypionate, and norethynodrel. 

Vitamins, include, for example, cyanocobalamin neinoic acid, retinoids and 
denvatives thereof such as retinol palmitate, a-tocopherol, naphthoquinone, 
30 cholecalciferol, folic acid and tetrahydrofolate. 

Peptides and peptide analogs, include, for example, manganese super oxide 
dismutase, tissue plasminogen activator (t-PA), glutathione, insulin, dopamine, peptide 


wo 98/50041 


PCTAJS98/07712 


- 29 - 

ligands containing RGD, AGD, RGE, KGD, KGE or KQAGDV (Peptides with affinity 
for the GPlIBIIIa receptor), opiate peptides, enkephalins, endorphins and their analogs, 
human chorionic gonadotropin (HCG), conicotropin release factor (CRF), 
cholecystokinins and their analogs, bradykinins and their analogs and promoters and 

5 inhibitors, elastins, vasopressins, pepsins, glucagon, substance P, integrins, capiopril, 
enalapril, lisinopril and other ACE inhibitors, adrenocorticotropic hormone (ACTH), 
oxytocin, calcitonins, IgG or fragments thereof, IgA or fragments thereof, IgM or 
fragments thereof, ligands for Effector Cell Protease Receptors (all subtypes), thrombin, 
streptokinase, urokinase, t-PA and all active fragments or analogs, Protein Kinase C and 

10 its binding ligands, interferons (a-interferon, p-interferon, y -interferon), colony 
stimulating factors (CSF), granulocyte colony stimulating factors (GCSF), 
granulocyte-macrophage colony stimulating factors (GM-CSF), tumor necrosis factors 
(TNF), nerve growth factors (NGF), platelet derived growth factors, lymphotoxin, 
epidermal growth factors, fibroblast growth factors, vascular endothelial cell growth 

15 factors, erythropoietin, transforming growth factors, oncostatin M, interleukins (1, 2, 3, 
4, 5, 6, 7, 8, 9, 10, 11 and 12), metalloprotein kinase ligands, collagenases and agonists 
and antagonists. 

EnzymeSy include, for example, alkaline phosphatase, cyclooxygenase type I 
and agonists and antagonists. 
20 Anti-allergenic agents, include, for example, amelexanox. 

Anti-coagulation agents, include, for example, phenprocoumon and 

heparin. 

Circulatory drugs, include, for example, propranolol. 

Anti-tubercular agents, include, for example, para-aminosalicylic acid, 
25 isoniazid, capreomycin sulfate cycloserine, ethambutol hydrochloride ethionamide, 
pyrazinamide, rifampin, and streptomycin sulfate. 

Anti-viral agents, include, for example, acyclovir, amantadine azidothymidine 
(AZT or Zidovudine), ribavirin, and vidarabine monohydrate (adenine arabinoside, 
ai-a-A). 

30 Anti-anginal agents, include, for example, diltiazem, nifedipine, verapamil, 

erythritol tetranitrate, isosorbide dinitrate, nitroglycerin (glyceryl trinitrate), and 
pentaerythritol tetranitrate. 
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Antibioiics, include, for example, dapsone, chloramphenicol, neomycin, 
cefaclor, cefadroxil, cephalexin, cephradine erythromycin, clindamycin, lincomycin, 
amoxicillin, ampicillin, bacampicillin, carbenicillin, dicloxacillin, cyclacillin, 
picloxacillin, hetacillin, methicillin, nafcillin, oxacillin, penicillin G, penicillin V, 
5 ticarcillin , rifampin, and tetracycline. 

Anti-inflammatory agents and analgesics, include, for example, diflunisal, 
ibuprofen, indomethacin, meclofenamate, mefenamic acid, naproxen, oxyphenbutazone, 
phenylbutazone, piroxicam, sulindac, tohnetin, aspirin and salicylates. 

Anti-proiozoan agents, include, for example, chloroquine, metronidazole, 
10 hydroxychloroquine, quinine, and meglumine antimonate. 

Anti-rheumatic agents, include, for example, penicillamine. 

Narcotics, include, for example, paregoric and opiates, such as codeine, heroin, 
methadone, morphine and opium. 

Cardiac glycoside agents, include, for example, deslanoside, digitoxin, digoxin, 
1 5 digitalin and digitalis. 

Chelates, include, for example, diethylene triamine pentaacetic acid (DTPA) 
and l,4,7,10-tetraa2ocyclododecane-N',N',N",N"-tetraacetic acid (DOTA). Any chelate 
that is generally used in conjunction with paramagnetic or radioactive metal ions may 
be used. 

20 Neuromuscular blocking agents, include, for example, atracurium mesylate, 

gallamine triethiodide, hexafluorenium bromide, metocurine iodide, pancuronium 
bromide, succinylcholine chloride (suxamethonium chloride), tubocurarine chloride, and 
vecuronium bromide. 

Sedatives (hypnotics), include, for example, amobarbital, amobarbital sodium, 

25 aprobarbital, butabarbital sodium, chloral hydrate, ethchlorvynol, ethinamate, flurazepam 
hydrochloride, glutethimide, methotrimeprazine hydrochloride, methyprylon, midazolam 
hydrochloride paraldehyde, pentobarbital, pentobarbital sodium, phenobarbital sodium, 
secobarbital sodium, talbutal, temazepam, and triazolam. 

Local anesthetic agents, include, for example, bupivacaine hydrochloride, 

30 chloroprocaine hydrochloride, etidocaine hydrochloride, lidocaine hydrochloride, 
mepivacaine hydrochloride, procaine hydrochloride, and tetracaine hydrochloride. 
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General ane.,He,ic a^e^s. include, for example, dropendol, e— 
,„..,1 L. wi* dropeHdol. .e.an^e .ydrcc^Hde, ™ed,o.e:..al .0^^ and 

"°^'",v. .r — ... include, c.»p,e, — ■ 

,,e.iun. y^^. -bnetiun. and cobalt ^ ^ 

X-roy co/iirojl flgenK, include, for example, A ray . 
^ d>l cTn.. beav, »e... sucb a. ynerbiun.. lan^an.des .n cl,..a«s 

'-r: add. ... and .... 

,..J.o..n.be.ico.^,inclnd.. — ^..^^^^^^^ 
RNA and DNA; hannnerhead RJ^A, ribozymes, anugene nucle,c acds, b 

.an..r:ala.:,apep.ldeo,apep..deana,o.. Mo. p.r„ab.^.e .o^ve 
agen, is dexan,ed,asone, ^boteridn B, adriamycin, mnon^cn c, .axel 

plasminogen activator (t-PA). . „f oresenl invention are preferably 

The bioacuve agents used m the prodntgs of the present ■ 
active in low concentrations^ The targefng aspects of the .nventton fur^er 
t ie wl dosages to be applied for therapy, since .e effective concen^.^ at 
„ ::l„peutic stte rem^ns — ed in dte body^ ^ ^^^^^ ^^^.^ 

:;e.se!..eightandphysic.condit.nof.^^^^ 
initiated with small dosages, which can then be mcreasecl Dy 

^ 1 xn mfidf 1742 to determine the 

Medical Economies Company at Montvale, NJ 07645-1742, to 

nriate amount of a particular bioactive agent, and hence the correspondtng prodrug 
:a.ma;beadmin.stered,oapatient. lnaccordance.i.h.e.^^^^^ 

30 vln. the prodrug is delivered to the patient (e.g.. in a region of t^e pat^U^ *e 
;:;oses. for example, of treating a condition (i.e.. a disease state, malady, dtsorder, 

etc.) in the patient. 
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The prodrugs may be used as above or may be incorporated into other 
embodiments, such as emulsions and/or formulated with gas bubbles, and are preferably 
associated with an acoustically active matrix, where the matrix is comprised, for 
example, of gases and/or gaseous precursors. In a preferred embodiment of the 
5 invention, the prodrugs are incorporated with and/or into wall-foiming or stabilizing 
materials surrounded or accompanied by microbubbles, gaseous precursors or other 
materials, including liquids such as perfluorodecalin. 

In view of the present disclosure, and with knowledge of basic synthetic organic 
chemistry, one skilled in the art would readily recognize the locations on any particular 

10 bioactive agent, linking group and Huorinated amphiphilic moiety where attachments 
may be made to covalently attach the bioactive agent to the linking group and to attach 
the linking group to the fluorinated amphiphilic moiety (when p is 1 in the compound 
of formula (I)) or, alternatively, to covalently attach the bioactive agent to the 
fluorinated amphiphilic moiety (when p is 0 in the compound of formula (I)). For 

15 example, -OH, -COOH, -NH or -SH groups which are present on a bioactive agent, a 
linking group or a fluorinated amphiphilic moiety are obvious points at which the 
bioactive agent, linking group and fluorinated amphiphilic moiety may be attached to 
each other. Bioactive agents generally have -OH, -COOH, -NH or -SH terminal groups 
at one or more locations, any of which may serve as the point of attachment to the 
20 linking group or bioactive agent. If the bioactive agent, linking group or fluorinated 
amphiphihc moiety does not have a -OH, -COOH, -NH or -SH terminal group, basic 
synthetic addition chemistry, which is well known to one skilled in the art, can be used 
to introduce an -OH group into the compound, which would then serve as a suitable 
point of attachment. 

25 General schemes for synthesizing prodrugs of the invention are shown below. One 

skilled in the art will readily appreciate that certain modifications may be necessary, 
depending on the presence or absence of labile groups on the underivatized bioactive 
agents. As discussed above, the modifications may take the form, for example, of adding 
protecting or blocking groups to chemically reactive side groups or additions of reactive 

30 -COOH, -OH, -NH2 or -SH groups for coupling. 

Prehminarily, the fluorinated amphiphilic compounds are purified by dissolving in 
an appropriate organic solvent and heating in the presence of a small amount of activated 
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charcoal. The solvents are then removed via vacuum evaporation. Appropriate organic 
solvents include, for example, ethyl acetate, acetonitrile, tetrahydrofliran, dichloroethane, 
acetone, toluene, methylene chloride or an alcohol having about 5 carbon atoms or less. If 
necessary to provide a reactive end, the fluorinated amphiphiles may then be exposed to an 
5 activating agent. Details of the various activations and coupling reactions are given by the 

following general schemes; 

In all cases below, "R" designates a fluorinated amphiphilic moiety, including, 

for example, one or more of those of formulas (II), (III), (IV), (V), (VI), (VII) and/or 
(VIII) described herein. "BIOACTIVE" designates any suitable bioactive agent, 
10 including those disclosed herein. The linkage between the R group and the 

BIOACTIVE agent may be a linking group "X" as defined herein (e.g., a compound of 
formula (I) where p is 1) or may be a reactive moiety on the bioactive agent (e.g., a 
compound of formula (I) where p is 0). 
Amide linked prodrugs 
1 5 R-COCl + BIOACTrVE-NH2 R-CONH-BIOACTIVE 

R-NCO + BlOACTIVE-NHi RNCONH-BIOACTIVE 
Ester linked prodrugs 

R-COCl + BIOACTIVE-OH R-COO-BIOACTIVE 
R-COOH + BIOACTIVE-OH R-COO-BIOACTFVE 

20 Anhydride linked prodrugs 

R-COOH + BIOACTIVE-COOH R-C00C(0)-B10ACTrVE 

Disulfide linked prodrugs 

R-SH + BIOACTrVE-SH R-S-S-BIOACTIVE 

SONHj linked prodrugs 

25 R-SOCI2 + BIOACTIVE-NHj R-SOjNH-BIOACTIVE 

Amino linked prodrugs 

BIOACTIVE-CHO + R-NHj + NaCNBHa R-NH-BIOACTIVE 

Thio linked prodrugs 

BIOACTIVE-Br + R-SH R S-BIOACTIVE 

30 Alkyl linked prodrugs 

BIOACTIVE-Br + R-CH, + BujSnH R-CH2CH2 -BIOACTIVE 


10 
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Further details of experunental conditions and variations in the above schemes are gwen 
m the Examples and would be apparent to one skilled in the art in v,ew of the present 

disclosure. 

Altematively, it is often useful to conjugate the bioactive agent through a 
modified sugar, such as glucosamine, or sugar acid derivative, such as succinate An 
example of the synthesis of the fluorinated amphiphilic moiety attached to glucosamine 
can be generalized as follows; 

R-OH + CI3CCOCOCCI3 R-OCOCl 

R-OCOCl + glucosamine-HCl + pyridine - R-OCONH-glucosamine 
As one skilled in the art will recognize, the glucosamine derivative is then ava^'lable for 
reacnon with the bioactive agent through either an amine group or a -OH group. 

In the present invention, the prodrugs may be used by themselves, but are 
preferably used with a deliveo' vehicle, such as a stabilizing material or vesicle 
because, for example, the delive^^ vehicle may help to solubilize or stabilize the 
15 prodrug. Since the prodn:gs may be less soluble in aqueous media than the parent 
compounds, the use of delivety vehicles may be helpful in this regard. 

A wide variety of lipids may be used as stabilizing materials and vesicles for 
example, micelles and/or liposomes, and any of the materials or combinations thereof 
wh,ch are known to one skilled in the art are suitable for their preparation. The lipids 
20 may be of either natural, synthetic or semi-synthetic origin, including for example fatty 
aads, fluorinated lipids, neutral fats, phosphatides, oils, glycolipids. surface-active 
agents (surfactants and fluorosurfactants). aliphatic alcohols, waxes, terpenes and 
Steroids. 

Exemplary lipids which may be used to prepare the stabilizing materials of the 
25 present invention include, for example, fatty acids, lysolipids, fluorinated lipids 

Phosphocholines, such as those associated with platelet activation factor (PAF) (Avanti 
Polar Lipids, Alabaster. AL). including l-alkyl-2-acetoy.-sn-glycero 3-phosphochol:nes, 
and l-alkyl-2-hydroxy-sn-glycero 3-phosphocholines. which target blood clots- 
phosphatidylcholine with both saturated and unsaturated lipids, including dioleoy- 
30 IphosphaUdylcholine; dimyristoylphosphatidylcholine; 

dipentadecanoylphosphatidylcholine; dilauroyiphosphltidylcholine- 
dipalmitoylphosphatidylcholine (DPPC); distearoyl-phosphatidylcholine (DSPC); and 
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d.arachidonylphosphatidylcholine(DAPC);phosphatidylethanol^^^^^ 
dioleoylphosphatidylethaBolanaine, dipalmitoyl-phosphatidylethanolan.ine (DPPE) an 
distearoylphcspbatidylethanola.ine (DSPE); phosphatidylserine; phosphaudylglycerols. 
including distearoylphospbatidylglycerol (DSPG); phospbatidylinositol; sphmgohpds 
5 sucb as spbingon^yelin; glycolipids sucb as ganglioside GMl and GM2; glucohp.ds; 
sulfatides; glycospbingolipids; pbospbatidic acids, sucb as dipaln,itoylphosphand.c 
(DPPA) and distearoylphosphatidic acid (DSPA); palmitic acid; stearic acd; arachtdomc 
acid; oleic acid; lipids bearing polymers, such as chitin, hyaluronic actd, 
polyvinylpyrrolidone or polyethylene glycol (PEG), also referred to herein as "pegylated 
,0 Hpids" wrth preferred lipid bearing polymers including DPPE-PEG (DPPE-PEG). whtch 
refers to the lipid DPPE having a PEG polymer attached thereto, includmg. for 
example DPPE-PEG5000, xvhich refers to DPPE having attached thereto a PEG 
polymer having a mean average molecular weight of about 5000; lipids bearing 

sulfonated mono-, di-. oligo- or polysaccharides; cholesterol, cholesterol sulfate and 
1 5 cholesterol hemisuccinate; tocopherol hemisuccinate; lipids with ether and ester-hr.ked 
fatty acids; polymerized lipids (a wide variety of which are well known in the art); 
diacetyl phosphate; dicetyl phosphate; stearylamine; cardiolipin; phospholipids wUh 
short chain fatty acids of about 6 to about 8 carbons in length; synthetic phosphohprds 
with asymmetric acyl chains, such as, for example, one acyl chain of about 6 carbons 
20 and another acyl chain of about 12 carbons; ceramides; non-ionic liposomes includmg 
n,osomes such as polyoxyalkylene (e.g.. polyoxyethylene) fatty aad esters, 
polyoxyalkylene (e.g., polyoxyethylene) fatty alcohols, polyoxyalkylene (e.g.. 
polyoxyethylene) fatty alcohol ether., polyoxyalkylene (e.g., polyoxyethylene) sorbrtan 
fatty acid esters (such as, for example, the class of compounds refened to as TWEEN*, 
25 including, for example, TWEEN* 20, TWEEN* 40 and TWEEN* 80. commercially 
available from ICl Americas, Inc., Wilmington, DE), glycerol polyethylene glycol 
oxystearate, glycerol polyethylene glycol ricinoleate. alkyloxylated (e.g., ethoxylated) 
soybean sterols, alkyloxylated (e.g., ethoxylated) castor oil, polyoxyethylene- 
polyoxypropylene polymers, and polyoxyalkylene (e.g., polyoxyethylene) fatty acid 
30 stearates; sterol aliphatic acid esters including cholesterol sulfate, cholesterol butyrate. 
cholesterol isobutyrate, cholesterol palmitate, cholesterol stearate, lanosterol acetate, 
ergosterol palmitate, and phytosterol n-butyrate; sterol esters of sugar acids including 
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cholesterol glucuronide. lanosterol glucuroiude, 7-dehydrocholesterol elucuronide 
ergosterol glucuroxude. cholesterol gluconate, lanosterol gluconate, and ergosterol 
gluconate; esters of sugar acids and alcohols including lauryl glucuronide. stearoyi 
glucuronide. myristoyl glucuronide, lauryl gluconate, myristoyl gluconate, and stearoyi 
5 gluconate; esters of sugars and aliphatic acids including sucrose laurate. fructose laurate 
sucrose paln^tate, ^crose stearate, glucuronic acid, gluconic acid and polyuronic acid- ' 
saponins .ncluding sarsasapogenin, smilagenin. hederagenin, oleanolic acid and 
digitoxigenin; glycerol dilaurate, glycerol trilaurate. glycerol dipalnutate, glycerol and 
glycerol esters including glycerol tripalmitate. glycerol distearate, glycerol tristearate 
1 0 glycerol dimyristate, glycerol trimyristate; long chain alcohols including n-decyl alcohol 
lauryl alcohol, myristyl alcohol, cetyl alcohol, and n-octadecyl alcohol; 6-(5-cholesten-3P- 

yIoxy)-l-tbo-P-D-galactopyranoside;digalactosyldiglyceride;6-(5-cholesten-3P-yioxy)- 
hexyl-6.annno.6-deoxy-]-thio-P-D-galactopyranoside;6-(5-cholesten-3P-yIoxy)hexyl-6- 
annno-6-deoxyI.l-thio-a-D-mannopyranoside;12-(((7'-diethylamino-coumarin-3-yl)- 
15 carbonyl)methylainino)octadecanoic acid; N.[12-(((7'-diethylamino-coumarin-3-yl)- 
carbonyl)n,ethylamino)octadecanoyI]-2-aminopalmitic acid; cholesteryl(4--trimethyl- 
ammonio)butanoate; N-succinyldioleoylphosphatidylethanolamine; 1,2-dioleoyl-sn- 
glycerol; I.2-dipalmitoyl-sn-3-succinyIgIycerol; l,3-dipalmitoyl-2-succinylglycerol- I- 
hexadecyl-2-palmitoylglycerophosphoethanolan«ne and palm^toylhomocysteine and/or 
20 any combinations thereof In preferred embodiments, the stabilizing materials comprise 
phospholipids, including one or more of DPPC, DPPE. DPPA, DSPC, DSPE DSPG and 
DAPC. . , u 

Examples of suitable fluorinated lipids include but are not limited to compounds 
of the formula: 

25 ^"^--(^"^)"'C(0)OOP(00)0(CH,),N'(CH3)3C„F,.XCH,)„q^^^ 

whereinmisOtoabout,8.nisltoaboutl2;andwis,toabout8. Examples of and 
methods for the synthesis of these, as well as other fluorinated lipids useful in the present 
.nvenuon, are set forth in U.S. application Serial No. 08/465.868, filed June 6 1995 Reiss 
at al. U.S. Patent No. 5,344.930. Frezard. R. et al. Biochem BiopHysActa, 1I92■.6^.10 
(1994). and Frezard, F., Art. Cells Blood Subs and I.mob Biotech., 2M403-1408 
(1994), the disclosures of each of which are incorporated herein by reference in their 
entirety. One specific example of a difluoroacyl glycerylphosphatidyl-choline 
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invention. 


» ^^^^^^^^^^^^^^^^^^ 
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CFaCjFg— CxHn-C-O-CH 

^'"aCzFg- CxHn-C-O-CH 0 

I II 


CH2-0-C-(CHj)^SH 


CH-0-C-(CH2)j^SH 


CHj-0-ji-CHj-CHj-i',!|-CH3 


C-O-P-0— choline 


CH,-o4-(CH^C=C-C-C-(CH,,„-CH3 


CH-0-C-(CH,W-C.c-C^-fCH.,„.CH3 


CH.-0-P-0-CH,-CH,-N^(CH3}, 


D 


O SH 

CH2-0-C-CH-(CH2),3-CH3 


O SH 

CH-0-C-^H-(CH,),3-CH, 
CH,^0^^CH,-CH,-?^CH3 


CHg-N 


CH,-CH,-0-^_,CH„3-c.c-c.C-(CH3,„-CH3 


, o 

CH.-CH,-0-^-(CH,,-.c.c-C.C-,CH,,„-c„, 


0^p.0-(CH,),-C^C-C^C-{CH,),-CH3 


HO 0-(CH.VC.C-C.C-(CH,),-CH3 


H 


CH3/%CH2)i6-S 


I 

CH, CH2-CH2-0-{1-CH2-JCFjV-CF3 

K 


n-c*gHi7 

-C«H. V^^^' CH. CH-CH, CH0C0,CH.,-C.C-C.c-(CH.VCH3 


CHzOPOCHjCHjNlcHjfe 
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M 


CH,OCO-{CH2)i2COO-C(CH3)=CH2 x u 

toO=-,CH,..OH. CH..(CH,.=-C«-C.C-,C„=).-C00-.CH.K5^ 

1 ° 

CHzOPOCHjCHjN^lCHs), 


CH3-(CH,)«-C.C-CaC-(CHa)s-C00-(CH,)/^CHrCH.-S0, 


N 


CH3-(CH2)«-CHC-C=C-(CH2),-COO-(CH2fe^®^ Br' 


CH3-(CH2)«-C=C-CHC-(CH3)a-COO-(CHjh CH3 


O 


CH3-(CHs)i4-CH2^ ^CHs _ 
/K Br 

CH2=(H3C)C-COO-(CHj)io-CH2 CH3 


Bi 


CH3-(CH2)14-CH2^0,CH3 , 

Br 


CsN-(CH3)CH-COO-(CH2)io-Ch/ ^CHa 


CH3-(CH2)b-C=C-C-=C-(CH2)9-0,^^0 
CH3-(CH2)9-CsC-C^C-(CH2)b-0^ 


R 


CH2=CH(CH2)8-COO-(CH2)2v.©.CH3 
CH2=CH(CH2)a-COO-(CH2/ ^CHrCH^OH 


10 


CH3-(CH2)9-C-C-CHC-(CH2)8-COO-(CH2)2.e,CH3^^. 
CH3-(CH2)9-C^C-C=C-(CH2)e-COO-(CH2)2/ 'CH3 


CH2=CH(CH2)8CH2-0^^/^ 
CH2=CH(CH2)8CH2-0' 


A 


u 


pH2-C-NH-CH2-(CF2)e-CF3 


CH2=C^ 


'C-NH-CH2-(CF2)6-CF3 

II 
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o 0 o 


° X p 

CH,-ch,-C-0-CH=CH-CH=CH-C-0-CHHCF2)8-Lh 
0 ^ I 


.s ,2 „ ,s .4. ,„ B, c. K ^ L, above, , a.d „• ^. i„,epe„,»„ 

5 •» '°«S=">f<h.mabou. 8. oabom, 8, preferably abouncoabou, 14^ 

*=«*i"8 ™eHal may comprise a cationic lipid, such as 
nnT ' ''•"■^'•'-'"'"'''"^'P-P^'J-HHN-uS.e.byl.^momum chloride ' 

r . fl'OTAi.,. a-d l,2-dio,eoy|.3. 

( -™«hyl-a™„„i„)b„,a.„y,.,,,,y„„, (dotB). ,f a cadoA lipid is employed i„ 

.h.s,ab,l,.i„g„a,eri.s,,hemol.™oofcauomclipid,o.o„.c..ioniclipidmaybe for 
sample, from ab„™ MOOO ,o abo« l:,00. Preferably, .be molar ra,io of ca,io„ic lipid .o 
no„.c.„o„c„pid may be ftom about 1:2 .o .born I :I0, a rario of ftom abou, I, ,o 
abou, , being preferred. Eve more preferably, ,he molar ratio of cadoruc lipid .o 

non-cationic lipid may be about 1:1. 

If desired, aggregares may be consmced of one o, more charged lipids in 

.ssoc„.,on.„h one ormore polymer bearinglipids,opUo„ally in associa.io„„i,h„eor 
moreneurrallrpids. The cb„ged lipids may cid,er be a^omc o, carionic. Typically ^ 
Ws are aggrega.d b ,be presence of a muUivalen, species, such as a counter ion ' 
oppoartem charge ,o ,he charged lipid. For delivery of prod™gs and/or bioac^e :genu 
.0 sclecuve sues W„, aggregates of preferably under 2 „m. more prefetably J. „ 5 

Mm.a„deve„morepreferably„„der200nmaredesi,ed.Mostprefcr.blythelipld ' 
aggregates are under 200 mn in size and may be as small as 5-1 0 „m in size 

^""""'"^^""i'liPi^incWephosphatidicaeidandphospharidyl 
glycerol „d fa,^ acid esters thereof, artudes of phosphatidyl ethanolamine such as 

a„anda™d« a„d methanandamides, phosphatidyl serine, phosphaUdyl inositol and fatty 
sulfides, free fatty acds, both saturated artd unsaturated, and negatively charged 
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derivatives thereot Pho.pha«c .cd ^ phospha*. glycerol and fa«v acid 

thereof are preferred anionic lipids. . , , 

Wben , he charged M » -o.ie, a muUivalen. (dWen., .nvalen. e. ) 

.„,onic ■na.erta. „ay be used .o fon, aSBreg«es. ^JseM cations include, for ^ 
5 ..ions deHved .on> alkaline earth petals, such as herylUun, (Bc"^. .nagnestutn (Mg ), 
..utn m strontiun, (Sr'^ and haHutn (B.''); amphoteric ions such . aWun, 
g J Ga-.,, gennaniun, (Ge-), .i» (Sn"). '-d (Pb'^ r'-^; — 

: OS- iridium or-, U- and Ir"). tnercuty (Hg-), and bismuth (Bi-). an rare -h 
Lh Jes, »h as — (U-). and gadolinium (Gd-). It is contetnplated that 
ln.ina;,oftheirordin^va.encea.a.es.llhesu...hleforfo,n.nga^e^t«^^^^ 

, 5 cross-linked lipids Prefetred cattons include calcium (Ca"), magnestum Mg and ztnc 
and palmagncc cations such as manganese (preferably Mn'') and gadp ,n. m 
Gd- PaIicu,ar,ypreferrediscalcium(Ca-').As»llbeapparen.too„eslc.lled.n* 
lLftheabove.ons(n„.abl,le.da.d.cUe,)mayhaveassociated,o...yand.l.s 

mav be inappropriate for mv/vo use. 
,0 L„thecharged,ipidisca«onic.ana.uomcma,e,ial.forexample,may 

.e used to fonn aggregates. Preferably, the anionic matena. ts multivalent, such a. for 
example, divalem. Examples of useM anionic materials include monatotmc and 
p Jomic anions such as carboxylate ions, sulfide ion, suifite ions, sulfations, o»de 
Lns, ™tHde ions, carbonate ions, and phosphate ions. Anions of ethylene d,a.»ne 
.3 tetraacetic acd (EDTA), diethylene tHamine -^-^^^^^^^ 
,e„aa2ocyclodod=cane-N', N', N", N"-tetraac«,c acd (DOTA) may 
Iples of useh.1 atonic materials mclude at^ons of polymers and copolymers of ac^hc 
acid, methaclic acd, other poly.cryla.es and methacylates, polymers «h pendant 
SO H groups, such as sulfonated polystyrene, and polystyrenes containing carhoxyhc 


30 groups. 


Examples of cationic lipids include those listed hereinabove. A preferred 
cationic lipid for formatton of aggregates is N-t.-(2,3-dioleoyloxy)propyl).N,N,>l. 
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trimethylammoniuni chloride ("DOTMA"). Synthetic cationic lipids mav also be used 
These include comtnon natural lipids derivatized to contain one or more basic functional 
groups. Examples of lipids which can be so modified include dimethyldioctadecyl- 
ammonium bromide, sphingolipids, sphingomyelin, lysolipids. glycolipids such as 
5 ganghoside GMl, sulfatides. glyccsphingolipids, cholesterol and cholesterol esters and 
salts, N-succinyldioleoylphosphatidylethanolamine, 1,2,-dioleoyl-sn-glycerol. 1 3- 
dipalmitoyI-2-succinylglycerol, 1.2-dipaImitoyl-sn-3-succinylglycerol, l-hexadecyI-2- 
palmitoylglycero-phosphatidylethanolamine and pahnitoylhomocystiene. 

Specially synthesized cationic lipids also function in the embodiments of 
10 the invention. Among these are those disclosed in pending U.S. Patent Application No 
08/391,938. filed February 21, 1995, the disclosure of which is hereby mcorporated herein 
by reference in its entirety, and include, for example, N.N'-bis (dodecyaminocarbonyl- 
methylene)-N.N'-bis (P-N.N.N- 

trimethylammoniumethylaminocarbonyimethyleneethylene-diamine tetraiodide; N,N"-bis 
15 hexadecylaminocarbonylmethylene)-N,N',N".tiis(p-N,N.N- 

trimethylammoniumethylaminocarbonylmethylenediethylenetriaminehexaiodide;N.N'- 
Bis(dodecylaminocarbonylmethylene)-N.N"-bis(p-N,N,N- 

trimethylammoniumethylamino-carbonylmethylene)cyclohexylene-l,4-diamine 
tetraiodide; l,l,7,7-tetra-(p-N.N,N,N- 

20 ^«^^™ethylammoniumethylaminocarbonylmethylene)-3-hexadecylaminocarbonyl- 

methylene-1.3.7-triaazaheptane heptaiodide; and N.N.N'N'-tetraphosphoethanolamino- 
carbonylmethylene)diethylenetriamine tetraiodide. 

In the case of stabilizing materials which contain both cationic and non- 
cauonic lipids, a wide variety of lipids, as described above, may be employed as the non- 

25 cat:on.c lipid. Preferably, the non-cationic lipid comprises one or more of DPPC DPPE 
andd,oleoylphosphatidylethanolamine. In lieu of the cationic lipids listed above lipids 
bearing cationic polymers, such as polylysine or polyarginine. as well as alkyl 
Phosphonates, alkyl phosphinates, and alkyl phosphites, may also be used in the stabilizing 
materials. Other cationic lipid compounds which may be used in the present invention are 
set forth in copending U.S. Application Serial No. 08/391,938, filed February 21 1995 
the d-sdosure of which is hereby incorporated herein by reference in hs entirety ' 
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Saturated and unsaturated fatty acids which may be employed in the present 
stabilizing materials include molecules that preferably contain from about 12 carbon atoms 
to about 22 carbon atoms, in linear or branched form. Hydrocarbon groups consisting of 
isoprenoid units and/or prenyl groups can be used. Examples of suitable saturated fatty 
5 acids include, for example, lauric, myristic, palmitic, and stearic acids. Examples of 
suitable unsaturated fatty acids include, for example, lauroleic, physeteric, myristoleic, 
palmitoleic, petroselinic, and oleic acids. Examples of suitable branched fatty acids 
include, for example, isolauric, isomyristic, isopalmitic, and isostearic acids. 

Other useful lipids or combinations thereof apparent to one skilled in the art 
10 which are in keeping with the spirit of the present invention are also encompassed by the 
present invention. For example, carbohydrate-bearing lipids may be employed, as 
described in U.S. Patent No. 4,3 10,505, the disclosure of which is hereby incorporated 

herein by reference in its entirety. 

In addition to stabilizing materials and/or vesicles formulated from lipids, 
15 embodiments of the present invention may involve stabilizing materials or vesicles 
formulated, in whole or in part, from proteins or derivatives thereof. Suitable proteins 
for use in the present invention include, for example, albumin, hemoglobin, a-1- 
antitrypsin, 

a-fetoprotein, aminotransferases, amylase, C-reactive protein, carcinoembryonic antigen, 
20 ceruloplasmin, complement, creatine phosphokinase, ferritin, fibrinogen, fibrin, 
transpeptidase, gastrin, serum globulins, myoglobin, immunoglobulins, lactate 
dehydrogenase, lipase, lipoproteins, acid phosphatase, alkaline phosphatase, a- 1 -serum 
protein fraction, a-2-serum protein fraction, P-protein fraction, y-protein fraction and 
Y -glutamyl transferase. Other stabilizing materials and vesicles formulated from 
25 proteins that may be used in the present invention are described, for example, in U.S. 
Patent Nos. 4,572,203, 4,718,433, 4,774,958, and 4,957,656, the disclosures of each of 
which are hereby incorporated herein by reference in their entirety. Other protein-based 
stabilizing materials and vesicles, in addition to those described above and in the 
aforementioned patents, would be apparent to one of ordinary skill in the art, in view of 
30 the present disclosure. 

In addition to stabilizing materials and/or vesicles formulated from lipids and/or 
proteins, embodiments of the present invention may also involve stabilizing materials or 
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vesicles formulated from polymers which may be of natural, seini-synthetic (modified 
natural) or synthetic origin. Polymer denotes a compound comprised of two or more 
repeating monomeric units, and preferably 10 or more repeating monomeric units. 
Semi-synthetic polymer (or modified natural polymer) denotes a natural polymer that 
5 has been chemically modified in some fashion. Examples of suitable natural polymers 
include naturally occurring polysaccharides, such as, for example, arabinans, fructans, 
fucans, galactans, galacturonans, glucans, mannans, xylans (such as, for example, 
inulin), levan. fucoidan, cairageenan, galatocarolose, pectic acid, pectins, including 
amylose, pullulan, glycogen, amylopectin, cellulose, dextran, dextrin, dextrose, glucose, 
10 polyglucose, polydextrose, pustulan, chitin, agarose, keratin, chondroitin, dermatan, 
hyaluronic acid, alginic acid, xanthin gum, starch and various other natural 
homopolymer or heteropolymers, such as those containing one or more of the following 
aldoses, ketoses, acids or amines: erythrose, threose, ribose, arabinbse, xylose, lyxose, 
allose, altrose, glucose, dextrose, mannose, gulose, idose. galactose, talose, erythrulose, 
15 ribulose, xylulose, psicose, fructose, sorbose, tagatose, mannitol, sorbitol, lactose, 
sucrose, trehalose, maltose, cellobiose, glycine, serine, threonine, cysteine, tyrosine, 
asparagine, glutamine, aspaitic acid, glutamic acid, lysine, arginine, histidine, glucuronic 
acid, gluconic acid, glucaric acid, galacturonic acid, mannuronic acid, glucosamine, 
galactosamine, and neuraminic acid, and naturally occurring derivatives thereof 
20 Accordingly, suitable polymers include, for example, proteins, such as albumin or 
polylactide-coglycolide polymers, and polyalginates. Exemplary semi-synthetic 
polymers include carboxymethylcellulose, hydroxymethyl-cellulose, 
hydroxypropylmethylcellulose, methylcellulose, and methoxycellulose. Exemplary 
synthetic polymers suitable for use in the present invention include polyphosphazenes, 
25 hydroxyapatite polymers, fluoroapatue polymers, polyethylenes (such as, for example,' 
polyethylene glycol (including, for example, the class of compounds referred to as 
Pluronics*. commercially available from BASF. Parsippany, NJ), polyoxyethylene, and 
polyethylene terephthlate). polypropylenes (such as. for example, polypropylene glycol), 
polyurethanes (such as. for example, polyvinyl alcohol (PVA). polyvinyl chloride and 
polyvinylpyrrolidone), polyamides including nylon, polystyrene, polylactic acids, 
fluorinated hydrocarbon polymers, fluorinated carbon polymers (such as, for example, 
polytetrafluoroethylene). aoylate, methacrylate, and polymethylmethacrylate, and 


30 
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derivatives thereof. Preferred are synthetic polymers or copolymers prepared from 
monomers, such as acrylic acid, methacrylic acid, ethyleneimine, crotonic acid, 
acrylamide, ethyl acrylate, methyl methacrylate, 2-hydroxyethyl methacrylate (HEMA), 
lactic acid, glycolic acid, e-.caprol acton e, acrolein, cyanoacrylate, bisphenol A, 

5 epichlorhydrin, hydroxyalkyl-acrylates, siloxane, dimethylsiloxane, ethylene oxide, 
ethylene glycol, hydroxyalkyl-methacrylates, N-substituted acrylamides, N-substituied 
methacrylamides, N-vinyl-2-pyrrolidone, 2,4-pentadiene-l-ol, vinyl acetate, acrylonitrile, 
styrene, p-amino-styrene, p-amino-benzyl-styrene, sodium styrene sulfonate, sodium 2- 
sulfoxyethyl-methacrylate, vinyl pyridine, aminoethyl methacrylates, 2-methacryloyloxy- 

10 trimethylammonium chloride, and polyvinylidene, as well poly functional crosslinking 
monomers such as N,N'-methylenebisacrylamide, ethylene glycol dimethacrylates, 2,2'- 
(p-phenylenedioxy)-diethyl dimethacrylate, divinylbenzene, triallylamine and 
methylenebis-(4-phenylisocyanate), including combinations thereof. Preferable 
polymers include polyacrylic acid, poly ethyleneimine, polymethacrylic acid, 

15 polymethylmethacrylate, polysiloxane, polydimethylsiloxane, polylactic acid, poly(e- 
caprolactone), epoxy resin, poly(ethylene oxide), poly(ethylene glycol), and polyamide 
(nylon) polymers. Preferable copolymers include the following: polyvinylidene- 
polyacrylonitrile, polyvinylidene-polyacrylonitrile-polymethylmethacrylate, polystyrene- 
polyacrylonitrile and poly d-1, lactide co-glycolide polymers. A preferred copolymer is 

20 polyvinylidene-polyacrylonitrile. Other suitable biocompatible monomers and polymers 
will be apparent to one skilled in the art in view of the present disclosure. 

Stabilizing materials and vesicles may be prepared from other materials. The materials 
may be basic and fundamental, and may form the primary basis for creating or establishing 
the stabilized materials, such as gas and gaseous precursor filled vesicles. For example, 

25 surfactants and fluorosurfactants may be basic and fundamental materials for preparing 
stabilizing materials and vesicles. On the other hand, the materials may be auxiliary, and 
act as subsidiary or supplementary agents which may enhance the functioning of the basic 
stabilizing material(s), or contribute some desired property in addition to that afforded by 
the basic stabilizing material(s). 

30 It is not always possible to determine whether a given material is a basic or an auxiUary 
agent, since the functioning of the material is determined empirically, for example, by the 
results produced with respect to producing stabilized materials or vesicles. As an example 
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15 


20 


25 


30 


of how the basic and auxiliary materials may fonction, it has been observed that the simple 
combination of a biocompatible lipid and water or saline when shaken will often give a 
cloudy solution subsequent to autoclaving for sterilization. Such a cloudy solution may 
function as a contrast agent, but is aestheticaUy objectionable and may imply instability in 
the form of undissolved or undispersed lipid particles. Cloudy solutions may also be 
undesirable where the undissolved particulate matter has a diameter of greater thai, about 7 
m, and especially greater than about 10 pm. Manufacturing steps, such as sterile 
filtration, may also be problematic with solutions which contain undissolved particulate 
matter. Thus, propylene glycol may be added to remove this cloudiness by facilitating 
dispersion or dissolution of the lipid particles. Propylene glycol may also function as a 
wetting agent which can improve vesicle formation and stabilization by increasing the 
surface tension on the vesicle membrane or skin. It is possible that propylene glycol can 
also function as an additional layer that may coat the membrane or skin of the vesicle, thus 
providing additional stabilization. The conventional surfactants described by D'Arrigo. 
U.S. Patent Nos. 4,684,479 and 5,215,680, the disclosures of each of which are hereby 
incorporated by reference herein in their entirety, may be used as basic or auxiliary 
stabilizing materials in the present invention. 

Additionally, oils and fluorinated oils are auxiliary and basic stabilizing materials that 
may be used in the present invention. Suitable oils include, for example, soybean oil, 
peanut oil. canola oil. olive oil, safflower oil, com oil, almond oil. cottonseed oil. ethyl 
oleate, isopropyl myristate, isopropyl palmitate, mineral oil, myristyl alcohol, 
octyldodecanol. persic oil. sesame oil, squalene, myristyl oleate, cetyl oleate,' myristyl 
palmitate, or any other oil commonly known to be ingestible which is suitable for use as a 
stabilizing compound in accordance with the teachings herein. The oils described herein 
may be fluorinated, such as triolein with a fluorine (F,) gas. A "fluorinated oil" refers to 
an oil in which at least one hydrogen atom of the oil is replaced with a fluorine atom 
Preferably, at least two or more of the hydrogen atoms in the oil are replaced with 
fluorine atoms. Other suitable fluorinated oils are described, for example, in U.S. Patem 
No. 5.344,930, the disclosure of which is hereby incorporated by reference herein in its 
enurety. Optionally, any of the oils described herein may be used in a composition with 
the prodrug or added to the stabilizing material in order to dissolve the prodrug 
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AddiUona. .u»Ua„ b» s,abiWng materials which may he used in .he presen. 
^ desel. to, example. In U.S. App«o„ Seri. No. 0«44.,7S4. f„ed Ma, 
r „ — of Which is herehv incorpora^d herein hy .rerence ,n ,.s e„„ety. 
compounds used ,0 „ak. mixed *e„e sysiems ™.y be used as hasic or aux.,an- 
sta^ng ma.«ials. and inCude, for example, ,.n^l.rio,e,hylammoniun, bromrd. ^ 
dodecyl ,, ceryhrimeihy— hro^de (hexadecyl,. myrisryUnmerhy— 
bro»d. (...radecyl-), alkyldlme,hylben^lamn>omum chloride (where a^W .s C,., C . 
C.) he„^ldime,hy,dodecyiammo™mhro^de/chIoride,henzy>dime.h,,«^ 
Jmort„mhron.de/cb.oride,he^ldime.hyUe,radecy— mbrom-e^*^^^^^ 
..tvidimethylerhylammo^mhro^de/drloride, or cerylpyridinh^ hrom.de/cWonde. 

U may be possible to enhance ,he srabiliry of stabilizing materials or vesrcles by 
.„corporatingin.hest.hili=ngma.eri.s.nd/orvesic,esatleastaminor^oun,>^^^^^ 

ex Jple, about 1 to about 10 mole percem, based on the tot. amount o„p.d employed, 
of a negatively charged lipid. Suiuble negatively charged lipids include, for sample, 
. ;osphatidylse„ne,phospha,idicacid,andfattyacids. Wi^ou^ntending to e ound ^ 
„y tlory or theories of operatro. it is contemplated that such negatrvely barged hprds 
pr vide added stability by counteracting the tendency of vesicles to nrpture by firsmg 
ogether. Thus, the negatively ch.ged lipi-s may act to establish a uniform negatn,* 
cHarged layer on the outer surface of the ve.cle, w« will he repulsed by a stmrUrly 
0 ,Har edouterlaveronothervesicleswhicharepro^matethercto. Inthisway *e 
v:i:ies..ybelesspronetocomeintotouchingproximit,witbeachother,w.cma, 

,ead to a rupture of the membrane or sUin of the respective vesicles and consoUdatton of 
..econtacingvesidesintoasingle, larger vesicle. A continuation of this process of 
con«,Udation will, of course, lead to significan. degradation of .he ves,cles. 
25 The lipids used, especially in connection with vesicles, are preferably flextble. Thrs 
,.»s in the context of the present invention, U»t the vesicles c» alter thetr shape, for 
riple, to pass through an ope^g havtng a diameter that is smaller than the d.ameter of 
the vesicle. 

,„ preferred embodiments, ,he stabilizing material and/or vesicle composmon may 
30 contin. in whole or in pari, a fluorinated (including perfluorinated) compound. Smtable 
fluorinated compounds include, for example, fluorinated surfactants, mdudmg alM 
surfactants, and amphiphilic compounds. A wide variety of such compounds may be 
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employed, indudbg, for example, the class of compounds which are commercially 
available as ZONYL* fluorosurfactants (the DuPont Company. Wilmington DE) 

including the ZO^^^*phosphatesdts(e.g..^F(CF,CF^3,CH,CH,0].,^^^^^^^ 
which have terminal phosphate groups and 20NYL« sulfate salts which have terminal 
5 sulfate groups (e.g.. F(CF,CF,),.CH,CH,SCH3CH3N^(CH3)3 •0S0,0CH3). Suitable 
ZONYL* surfactants also include, for example. ZONYL* fluorosurfactants identified as 
Telomer B. including Telomer B fluorosurfactants which are pegylated (i.e.. have at least 
one polyethylene glycol group attached thereto), also known as PEG-Telomer B available 
from the DuPont Company. Other suitable fluorosurfactants are described in U S Patent 
) Nos. 5,276,146, 5.344,930 and 5.562,893. and U.S. Application Serial No. 08/465 868 
filed June 6. 1 995. the disclosures of each of which are hereby incorporated by reference 
herein in their entirety. 

It may also be desirable to use a fluorinated compound, especially a perfluorocarbon 
compound or a perfluoroether compound, which may be in the liquid state at the 
temperature of use. including, for example, the in v/vo temperature of the human body to 
assist or enhance the stability of the lipid and/or vesicle compositions, and especially gas 
failed vesicles. Suitable liquid perfluorocarbons which may be used include, for example 
perfluorodecalin, perfluorododecalin. perfluorooctyliodide. perfluorooctylbromide 
perfluorotripropylamine. and perfluorotributyiamine. In general, perfluorocarbons 
compnsing about six or more carbon atoms will be liquids at normal human body 
temperature. Among these perfluorocarbons, perfluorooctylbromide and perfluorohexane 
whxch are liquids at room temperature, are prefe^ed. The gas which is present may be for 
example, mtrogen or perfluoropropane. or may be derived from a gaseous precursor ' 
which may also be a perfluorocarbon, for example, perfluoropentane. In the latter case 
the hp.d stabilizing materials and/or vesicle compositions may be prepared from a mixture 
of perfluorocarbon, which for the examples given, would be perfluoropropane (gas) or 
perfluoropentane (gaseous precursor) and perfluorooctylbromide (liquid). Although not 
.mending to be bound by any theo^ or theories of operation, it is believed that, in the case 
of vesicle compositions, the hquid fluorinated compound may be situated at the interface 
between the gas and the membrane or wall surface of the vesicle. There may be thus 
formed a forther stabilizing layer of liquid fluorinated compound on the internal surface of 
the stabilizing compound, for example, a biocompatible lipid used to form the vesicle and 
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this perfluorocarbon layer may also prevent the gas from diffusing through the vesicle 
membrane. A gaseous precursor, within the context of the present invention, is a liquid at 
the temperature of manufacture and/or storage, but becomes a gas at least at or during the 
time of use. Preferred perfluorinated surfactants are the partially fluorinated 
5 phosphocholine surfactants. In these preferred fluorinated surfactants, the dual alkyl 
compounds may be fluorinated at the terminal alkyl chains and the proximal carbons may 
be hydrogenated. These fluorinated phosphocholine surfactants may be used for making 
the stabilizing materials and/or vesicles of the present invention. 
Other suitable fluorinated compounds for use as the stabilizing materials and/or 
10 vesicles of the present invention are described in U.S. Patent No. 5,562,893, the 
disclosure of which is hereby incorporated herein by reference in its entirety. For 
example, synthetic organic monomeric repeating units may be used to form polymers 
suitable as stabilizing materials, including hydroxyacids, lactones, lactides, glycolides, 
acryl containing compounds, aminotriazol, orthoesters, anyhdrides, ester imides, imides, 
15 acctals, urethanes, vinyl alcohols, enolketones, and organosiloxanes. 

The method of introducing fluorine into any of these materials is known in the art. 
For example, the introduction of perfluoro-t-butyl moieties is described in U.S. Patent 
No. 5,234,680, the disclosure of which is hereby incorporated by reference herein in its 
entirety. These methods generally involve the reaction of perfluoroalkyl carbanions 
with host molecules, such as (CF3)3C-^ R-X - (CF3)3C-R, where R is a host molecule 
and X is a good leaving group, such as bromine, chlorine, iodine or a sulfonato group. 
After adding a leaving group to the foregoing stabilizing material using methods well 
known in the art, perfluoro-t-butyl moieties can then be easily introduced to these 
derivatized stabilizing materials as described above. Additional methods are known in 
the art for the introduction of trifluoromethyl groups into various organic compounds. 
For example, trifluoromethyl groups may be introduced by nucleophilic 
perfluoroalkylation using perfluoroalkyl-trialkylsilanes. Fluorine can be introduced into 
any of the aforementioned stabilizing materials or vesicles either in their monomeric or 
polymeric form. Preferably, fluorine moieties are introduced into monomers, such as 
fatty acids, amino acids or polymerizable synthetic organic compounds, which are then 
polymerized for subsequent use as stabilizing materials and/or vesicles. 


20 
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The introduction of fluorine into stabilizing materials and/or vesicles may also be 
accomplished by fonning vesicles in the presence of a perfluorocarbon gas. For 
example, when vesicles are foimed from proteins, such as human serum albumin in the 
presence of a perfluorocarbon gas, such as perfluoropropane, using mechanical 
cavitation, fluorine from the gas phase becomes bound to the protein vesicles during 
formation. The presence of fluorine in the vesicles and/or stabilizing materials can be 
detected by NMR of vesicle debris which has been purified from disrupted vesicles. 
Fluorine can also be introduced into stabilizing materials and/or vesicles using other 
methods, such as sonication, spray-diying or emulsification techniques. 

Another way in which fluorine can be introduced into the stabilizing material and/or 
vesicle is by using a fluorine-containing reactive compound. The term "reactive 
compound" refers to compounds which are capable of interacting with the stabilizing 
material and/or vesicle in such a manner that fluorine moieties become covalentiy 
attached to the stabilizing material and/or vesicle. When the stabilizing material is a 
protein, preferred reaaive compounds are either alkyi esters or acyl halides which are 
capable of reacting with the protein's amino groups to form an amide linkage via an 
acylation reaction. The reactive compound can be introduced at any stage during 
vesicle fomiation, but is preferably added to the gas phase prior to vesicle formation. 
For example, when vesicles are to be made using mechanical or ultrasound cavitation 
techniques, the reactive compound can be added to the gas phase by bubbling the gas to 
be used in die fonnation of the vesicles (starting gas) through a solution of die reactive 
compound into the gas phase. The resultant gas mixture, which now contains the 
staning gas and the reactive compound, is then used to fomi vesicles. The vesicles are 
preferably formed by sonication of human serum albumin in the presence of a gas 
mixture, as described in U.S. Patent No. 4,957,656, the disclosure of which is hereby 
incorporated herein by reference in its entirety. 

Suitable fluorine containing alkyl esters and acyl halides for use as stabilizing 
materials and/or vesicle forming materials in the present invention include, for example, 
diethyl hexafluoroglutarate, diethyl tetrafluorosuccinate, methyl heptafluorobutyrate. 
ethyl heptafluorobutyrate, ethyl pentafluoropropionate, methyl pentafluoropropionate, 
ethyl perfluorooctanoate, methyl perfluorooctanoate, nonafluoropentanoyl chloride, 
perfluoropropionyl chloride, hexafluoroglutaryl chloride and heptafluorobutyryl chloride 
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P0lym.„ useful as subiUziug m„eri.Js and f„, preparing ,ta ga. and/or gaseous 
precursor filled vesicles may be of uamral. semi-synUreric CuodiSed namraO or synrheUc 
ongra Exeu,pla,y namral polyurers include ua,urally occurrtag polysaccharides, ^ch as 

f"»-P'=.-binaus,fhrc,a...fcca,.,galacuu,s,ga,ac,uroaan^g,ucaus,™a™a.„ ' 
xyte (such as, for example, i„„li„,, leva^ ftcoida^ carrageena^ g^arocarolose, picric 
K.d, pecuns, indudi.8 anrylose, pullulau. glycogen amylopecir, cellulose, dex«„, 
dexmn, dextrose, glucose, polyglucose, polydexuose, p„s«.,a„, durin, 
choudro.0^ de^araa by^uromc acid, algilc acid, xa.«, ^ .arch and vanous other 

"•""•"■-"P^IV-erorhe.eropolyn.er.^chasAosecon.ainingoneormoreofAe 
ollowrng aldoses, taoses, acids or auaues: er^ose, U.eoae, n.ose, arabinose, xylose 
lyxose, ailose, ahrose, ^ucose, dextrose, mannose, gulose, idose, g^acrose, .^ose ' 
eoahnrlose, ribulose, xylulose, psi<»se, m.cose, sorbose, .agarose, manrtol, sorbitol 
lactose, sucrose, trehalose, maltose, cellobiose, glycne, serine, threomne, cysteine ' 
tyrostne, .paragine, gl„t.„.„e, aspanic acid, ^tanncacid, lysine, arginine, bistidine 

IS glucuro^c acid, gluconic acid, glucaric acid, galacturonic acid, n^uromc add ' 
g ucosautine, galactosamine, and neuramidc add, and natut^ly occurring derivatives 
thereof Accordingly, suitable polymers indude, for example, proteins, such as albumin 
P0Mi.n.tes, and polylactide-coglycolide polyme.. Exemplary semi-syntbetic polymer 
mdude c^oxymetbylcellulose, hydroxymethylcellulose, hydrox>.ropy,methyllLe, 

.0 and metboxycdlulose. Exemplary synthettc polymers incta^ 

polyp ospha.enes,hydroxy.p.htes,fl„„roapadtepolymers,po^ethy,enes(s„chas for 
»^p.c, po,e.hyle„e glycol (induding for example, .be class of compounds referral to 
PI ro„cs , commercially available from BASF, Parsippany, n„, polyoxye.hy,e„e and 
po , ethylene terepbtUate), polypropylenes (such as, for example, polypropylene glyc^r 

oly.nylpy.„hdo„e), polyamides including nylon, polystyrene, polylactic acids 
uormated hydrocarbon polymers, „uorin.ted carbon polymers (such as, for exlmple 
o,„e.,a«uoroe.byle„e,, acrylate, metha^late, and polymethybnetbacrylate, and ' 
de^a,n,es thereof "..bods for the preparation of vesicles v,hicb employ plymers as 
s.abd,.ng compounds ^11 be readily apparent to on. skilled in the ar. in vilTf , 

pt.cntd,sclosu,e,»he„coupled.th,nformation.mo»ni„theart,s^cha.thad:ribed 
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^ „feaed .0 i. Ung^, U.S. P.en, No. 5.205,m *e ^-.osure of which is hereby 
incorporated by reference herein in its entirety. 
:lea e»Ldi„e„u of ,he prese., i,.e„.on invoWe vCCe. whioh eo.p^e .hree 
coMpone«s: (1) . neuu.1 Hpid, for example, . norio^c or z»H„eno* hp,d. (2 . 
5 negarively ch^ged hpid, and (3) e Upid bearing a srabiiizing marenal, or 

hydrophiiie poiy^er. Preferably, .he a.o»« of .he negatively charged hp,d - be 
, earl *an abou, , nroie percen, of .he .otai Upid presen., and .he amo^. of l.p.d bea ng 
;dropM„cpo,yn.er.inbe.re.,er.h.nabo„..oieperc.n,of.,«.o«i..^^^^^^^^ 
slpia-y -a Ptrf-" «Ba..veiy charged lipids incWe phosphaudrc acds. T e l,p.d 
,0 beanng a hydrophihc poiy^e, desirah, be a iipid covaiendy nn.ed.o ,^po,yn»er 
a r.he polU »i.. preferah, have a weigh, average moieoriar weigh, of ton, abou. 
m .0 aboo. .00,000. Su,.able hydrophilic polymers are preferably seleced from ,he 
„oup consisring of polyerhylene glycol (PEG), polypropylene glycol, polyvmylalcohol, 
"and polyvinylpyrrolidone and copolymers hereof. wi.hPEG polymers bcng preferred^ 
,3 :labTy,:;lpBCpo,ymerhasamo,ec.arw.gh.of.omabo„.,000„^„. 
.,hmo,ecn,.rweigh.sof.mabou..OOO.oabou~mo.^^^^^^ 
or other polymer may be bound .0 .he hp.d, for example, DPPE. .hroug 
1 as I amide, carbamare or amine linkage. ,n addiUon, ,he PEG or o.er poller ™ 
he U*ed ,0 a ,arge.i.g ligand, o, o,her phospholipids, wi.h a cov.en. bond mcludmg, for 
,0 example, an.de, esrer, erher, ,hioes.er, .*an.de or disulHde bonds. Whererhe 

hydrophilic polymer is PEG, a lipid beaHng such a polymer will be sard ,0 be peg^l«^. 
,„ preLed form, .he lipid bearing a hydrop* polymer may be DPPE-PEG .ndudmg. 
for example, DPPE.PEG5000, which refers .0 DPPE having a polyeAylene glycol 
polymer of a me» weigh, average motolar weigh, of abon. 5000 a.«ch=d U,ere.o 
05 (DPPE-PEG5000). Another suitable pegylated lipid is 

" .i^earoylphospharidylerhanolamine-polyohylene glycol 5000 (DSPE-PEGSOOO). ^ 
,„ some embodimen,s of .he presen. invendon, U,e lipid composi,io„s may include abou 
„ 5 mol%DPPC, 12.5 moir. of DPP^ and 10 mol% of OPPE-PEG5000. ^so preferr^ 
composiuons wMch comprise abou. 80 ,0 abou, 90 mole % DPPC abou. 5 .0 abou. 
30 mole%DPPAandabou.5.oabou. 15mole./.DPPE-PEO50O0. Espeoally preferr. are 
eomposiuons which comprise DPPC, DPPA and DPPE-PEG5000 in a mole % ra.,o of 
82. 10 8 respectively. DPPC is suhs,an.ially neuual. since ,he phosphaiidyl poriron ,s 


wo 98/50041 


PCT/US98/07712 


- 54 - 


negatively charged and the choline portion is positively charged. Consequently, DPPA, 
which is negatively charged, may be added to enhance stabilizauon in accordance with the 
mechanism described above. DPPE-PEG provides a pegylated material bound to the lipid 
membrane or skin of the vesicle by the DPPE moiety, with the PEG moiety free to 
5 surround the vesicle membrane or skin, and thereby form a physical barrier to various 
enzymatic and other endogenous agents in the body whose function is to degrade such 
foreign materials. The DPPE-PEG may provide more vesicles of a smaller size which are 
safe and stable to pressure when combined with other lipids, such as DPPC and DPPA, in 
the given ratios. It is also theorized that the pegylated material, because of its structural 
10 similarity to water, may be able to defeat the action of the macrophages of the human 
immune system, which would otherwise tend to surround and remove the foreign object. 
The result is an increase in the time during which the stabilized vesicles may fimction as 
diagnostic imaging contrast media. 
The terms "stable" or "stabilized" mean that the vesicles are preferably substantially 
15 resistant to degradation, including, for example, loss of vesicle structure or encapsulated 
gas, gaseous precursor, prodrug and/or bioactive agent, for a useful period of time. 
Typically, the vesicles employed in the present invention have a desirable shelf life, often 
retaining at least about 90% by volume of its original stmcture for a period of at l^t 
about two to three weeks under normal ambient conditions. In preferred form, the vesicles 
20 are desirably stable for a period of time of at least about 1 month, more preferably at least 
about 2 months, even more preferably at least about 6 months, still more preferably about 
eighteen months, and yet more preferably up to about 3 years. The vesicles described 
herein, including gas and/or gaseous precursor filled vesicles, may also be stable even 
under adverse conditions, such as temperatures and pressures which are above or below 
25 those experienced under normal ambient conditions. 

The gas and/or gaseous precursor filled vesicles used in the present invention may be 
controlled according to size, solubility and heat stability by choosing from among the 
various additional or auxiliary stabilizing materials described herein. These materials can 
affect the parameters of the vesicles, especially vesicles fonnulated from lipids, not only 
30 by their physical imeraction with the membranes, but also by their ability to modify the 
viscosity and surface tension of the surface of the gas and/or gaseous precursor filled 
vesicle. Accordingly, the gas and/or gaseous precursor filled vesicles used in the present 
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invention may be favorably modified and further stabilized, for example, by the addition 
of one or more of a wide variety of (i) viscosity modifiers, including, for example, 
carbohydrates and their phosphorylated and sulfonated derivatives; polyethers, preferably 
with molecular weight ranges between 400 and 100,000; and di- and trihydroxy alkanes 
5 and their polymers, preferably with molecular weight ranges between 200 and 50,000; (ii) 
emulsifying and/or solubilizing agents including, for example, acacia, cholesterol, 
diethanolamine, glyceryl monostearate, lanolin alcohols, lecithin, mono- and di-glycerides, 
mono-ethanolamine, oleic acid, oleyl alcohol, poloxamer, for example, poloxamer 188, 
poloxamer 184, and poloxamer 181, Pluronics* (BASF, Parsippany, NJ), polyoxyethylene 

10 50 stearate, polyoxyl 35 castor oil, polyoxyl 10 oleyl ether, polyoxyl 20 cetostearyl ether, 
polyoxyl 40 stearate, polysorbate 20, polysorbate 40, polysorbate 60, polysorbate 80, 
propylene glycol diacetate, propylene glycol monostearate, sodium lauryl sulfate, sodium 
stearate, sorbitan monolaurate, sorbitan monooleate, sorbitan raonopalmitate, sorbitan 
monostearate, stearic acid, trolamine, and emulsifying wax; (iii) suspending and/or 

15 viscosity-increasing agents, including, for example, acacia, agar, alginic acid, aluminum 
monostearate, bentonite, magma, carbomer 934P, carboxymethylcellulose, calcium and 
sodium and sodium 12, carrageenan, cellulose, dextran, gelatin, guar gum, locust bean 
gum, veegum, hydroxyethyl cellulose, hydroxypropyl methylcellulose, magnesium- 
aluminum-silicate, Zeolites®, methylcellulose, pectin, polyethylene oxide, povidone, 

20 propylene glycol alginate, silicon dioxide, sodium alginate, tragacanth, xanthin gum, a-d- 
gluconolactone, glycerol and mannitol; (iv) synthetic suspending agents, such as 
polyethylene glycol (PEG), polyvinylpyrrolidone (PVP), polyvinylalcohol (PVA), 
polypropylene glycol (PPG), and polysorbate; and (v) tonicity raising agents which 
stabilize and add tonicity, including, for example, sorbitol, mannitol, trehalose, sucrose, 

25 propylene glycol and glycerol. 

The present lipid and/or vesicles are desirably formulated in an aqueous environment 
which can induce the lipid, because of its hydrophobic-hydrophilic nature, to form 
vesicles, which may be the most stable configuration which can be achieved in such an 
environment. Diluents which may be used to create such an aqueous environment include, 

30 for example, water, normal saline, physiological saline, deionized water and water 

containing one or more dissolved solutes, such as salts or sugars, which preferably do not 
interfere with the formation and/or stability of the vesicles or their use as delivery vehicles 
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20 


30 


or diagnostic agents, such as ultrasound contrast agents, MRJ contrast agents, CT contrast 
agents and optical imaging agents. 

The present stabilizing materials or vesicles preferably comprise a gas, such as an inert 
gas. The gas provides the stabilizmg materials or vesicles with enhanced reflectivity, 
particularly in connection with stabilizing materials or vesicles in which the gas is 
entrapped within the stabiUzing materials or vesicles. This may increase their 
effectiveness as delivery vehicles or contrast agents. Preferred gases are inert and 
biocompatible, and include, for example, air, noble gases, such as hehum, rubidium 
hyperpolarized xenon, hypeipolarized argon, hyperpolarized helium, neon, argon and 
xenon, carbon dioxide, nitrogen, fluorine, oxygen, sulfur-based gases, such as sulfur 
hexafluoride and sulfur tetrafluoride, fluorinated gases, including, for example, partially 
fluorinated gases or completely fluorinated gases, and mixtures thereof Paramagnetic 
gases, such as "O^ may also be used in the stabilizing materials and vesicles. 

In cenain preferred embodiments, a gas. for example, air or a perfluorocarbon gas. is 
combined with a liquid perfluorocarbon, such as perfluorohexane, perfluoroheptane.' 
perfluorodecalin. perfluorododecalin, perfluorooctyliodide. perfluorooctylbromide, 
perfluorotripropylamine and perfluorotributylamine. 

It may also be desirable to incorporate a precursor to a gaseous substance in the 
stabilizing materials or vesicles. Such precursors include materials that are capable of 
being convened to a gas m vivo, preferably where the gaseous precursor and gas produced 
are biocompatible. Among the gaseous precursors which are suitable for use in stabilizing 
materials and compositions described herein are agents which are sensitive to pH. These 
agents include materials that are capable of evolving gas, for example, upon being exposed 
to a pH that is neutral or acidic. Examples of such pH sensitive agents include salts of an 
aad which is selected from the group consisting of inorganic acids, organic acids and 
mixtures thereof Carbonic acid (H,C03) is an example of a suitable inorganic acid and 
aminomalonic acid is an example of a suitable organic acid. Other acids, including 
morganic and organic acids, would bereadUy apparem to one skilled in the art in view of 
the present disclosure. 

Gaseous precursors derived from sahs are preferably selected fi-om the group consisting 
of alkah metal salts, ammonium salts and mixtures thereof More preferably, the salt is 
selected from the group consisting of carbonate, bicarbonate, sesquecarbonate 
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amiBomalonate and mixtures thereof. Suitable gaseous precursor materials which are 
derived from salts include, for example, Uthium carbonate, sodium carbonate, potassium 
carbonate, Uthium bicarbonate, sodium bicarbonate, potassium bicarbonate, magnesium 
carbonate, calcium carbonate, magnesium bicarbonate, ammonium carbonate, ammonium 
5 bicarbonate, ammonium sesquecarbonate, sodium sesquecarbonate. sodium 

aminomalonate and ammonium aminomalonate. Aminomalonate is well known in the art. 
and its preparation is described, for example, in Thanassi. Biochemistry, 9(i;;525-532 
(1970); Fitzpatrick et al.. Inorganic Chemistry, J 3(3):56i-S14 (1974); and Stelmashok et 
,i.,Koordir,alsiomayaKhimiya. 3(4):^2A-SH The disclosures of each of these 

1 0 publications are hereby incorporated herein by reference in their entirety. 

In addition to, or instead of, being sensitive to changes in pH, the gaseous precursor 
materials may also comprise compounds which are sensitive to changes in temperature. 
Exemplary of suitable gaseous precursors which are sensitive to changes in temperature 
are the perfluorocarbons. As the anisan will appreciate, a particular perfluorocarbon may 
1 5 exist in the liquid state when the stabilizing materials are first made, and are thus used as a 
gaseous precursor. Alternatively, the perfluorocarbon may exist in the gaseous state when 
the stabilizing materials are made, and are thus used directly as a gas. Whether the 
perfluorocarbon is used as a liquid or a gas generally depends on its liquid/gas phase 
transition temperature, or boiling point. For example, a preferred perfluorocarbon. 
20 perfluoropentane, has a liquid/gas phase transition temperature (boiling point) of 29.5-0. 
This means that perfluoropemane is generally a liquid at room temperature (about 25'C), 
but is converted to a gas within the human body, the normal temperature of which is about 
37°C, which is above the transition temperature of perfluoropentane. Thus, under normal 
circumstances, perfluoropentane is a gaseous precursor. As a further example, there are 
25 the homologs of perfluoropemane, namely perfluorobutane and perfluorohexane. The 
liquid/gas transition of perfluorobutane is 4X and that of n-perfluorohexane is 57°C. As 
known to one of ordinary skill in the art, the effective boiling point of a substance may be 
related to the pressure to which that substance is exposed. This relationship is exemplified 
by the ideal gas law: PV = nRT, where P is pressure, V is volume, n. is moles of 
30 substance, R is the gas constant, and T is temperature. The ideal gas law indicates that as 
pressure increases, the effective boihng point increases also. Conversely, as pressure 
decreases, the effective boiling point decreases. 


wo 98/50041 


PCTAJS98/07712 


58 


A wide variety of materials can be used as liquids, gases and gaseous precursors for 
entrapping within stabilizing materials and vesicles. For gaseous precursors, it is only 
required that the material be capable of undergoing a phase transition to the gas phase 
upon passing through the appropriate temperature. Gases and gaseous precursors for use 
m the present invention include, for example, hexafluoroacetone, 1,3-dichlorotetrafluoro- 
acetone, tetrafluoroallene, boron trifluoride, l,2,3-trichloro-2-fluoro-1.3-butadiene, 
hexafluoro-l,3-butadiene, 1 -fluorobutane, perfluorobutane, decafluorobutane, perfluoro-1- 
buiene, perQuoro-2-butene, 2-chloro-l,l,l,4,4,4-hexafluorobutyne, 2-chloro-l, 1.1, 4,4,4- 
hexafluoro-2-butene, perfluoro-2-butyne, octafluorocyclobutane, perfluorocyclobutene, 
perfluorocyclobutane, perfluorocyclopentane, octafluorocyclopentene, perfluorocyclo- 
propane, 1,1,1-trifluorodiazoethane, hexafluorodimethylamine, perfluoroethane, 
perfluoropropane, perfluoropentane, hexafluoroethane, hexafluoropropylene, 
1, 1,2,2,3,3,4,4-octafluorobutane, 1,1,1,3,3-pentafluorobutane, octafluoropropane, 
octafluorocyclopentene, 1,1-dicfalorofluoroethane, hexafluoro-2-butyne, octafluoro-2. 
butene, hexafluorobuta-l,3-diene, perfluorodimethylamine, 4-methyl.l,l,l,2. 
tetrafluoroethane, 1.1,1-trifluoroethane, 1,1,2,2-tetrafluoroethane, 1,1,2-trichloro- 1,2,2- 
trifluoroethane, 1 , 1, l-trichloro-2,2,2-trifluoroethane, 1 , 1 -dichloro- 1 ,2-difluoroethylene, 
1, l-dichloro-l,2,2,2-tetrafluoroethane, l-chloro.l,l,2,2,2-pentafluoroethane, 1,1-difluoro- 
2-chloroethane, l,l-dichloro-2-fluoroethane, dichloro- 1, 1, 2,2-tetrafluoroethane, 1-chloro- 
1,1,2,2-tetrafluoroethane, 2-chloro-l, 1-difluoroethane, l,l,2-trifluoro-2.chloroethane, 1,2- 
difluorochloroethane, chloropentafluoroethane, dichlorotrifluoroethane, fluoroethane, 
nitropentafluoroethane, nitrosopentafluoroethane, perfluoroethylamine, l,2-dichloro-2,2- 
difluoroethane, 1,1 -dichloro- 1,2-difluoroethane, l,2-dichloro-l.l,3-trifluoropropane. 1,2- 
difluoroethane, 1,2-difluoroethylene, trifluoromethanesulfonylchloride. 
trifluoromethanesulfenylchloride, (pentafluorothio)trifluoromethane, 

trifluoromethanesulfonylfluoride,bromodifluoronitroso-methane,bromofluoromethane, 
bromochlorodifluoromethane, broraochlorofluoromethane, bromotrifluoromethane, 
bromotrifluoroethane, chlorodifluoronitromethane, chlorofluoromethane, 
chlorotrifluoromethane, chlorodifluoromethane, dibromofluoro-methane. 
dibromodifluoromethane, dichlorodifluoromethane, dichlorofluoromethane, 1- 
bromoperfluorobutane, difluoromethane, difluoroiodomethane, fluoromethane, 
perfluoromethane, iodotrifluoromethane, iodotrifluoroethylene. nitrotrifluoromethane. 
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CJ-.b=P.-o.o.^*^.op™pan=,.ep,.<.o™.Z.Mop,op^^^ 
,exs£h.o,oprop».O.U,2.3>b«»fluo,o-2>dich.oroprop»»eJ.brom„-^^ 

5 ,„.fluorop,op»ne. ,-bro.op^^uoroprop.c, «e«a«uoro-..3— e, 3- 
„>.o,opropanM-nuoropropyWe,prfuoropropyleo.,pe*o,o,e,r=hydrop^^^ 

prfuo,o,n»opy, Che. perfluoro„«hyM-b»,y. eta, perfluco^.,^^.*^ 
eta pc*orom«hylp=n,yl eta, 3.3,3.«ft.oropropy.e,.3.nuo,os,yre„e. suite d,> 
,0 .eciuonde (S,F,.),sum.rhe.afluonde, sternum he«fluodae,ma.oro—^^ 
.rifluorotahy. pe™»d., fflflucomethyl sulSde, .ungs«n be.3fluoride, l-bromc 
„™*o™b.»., ,-c^o,..-fluo,o.,.b— ba«, ,-b,omo.2,4-«uorobenze„e, 2- 

i„do-l 1 l-,rifluoroetae, bronze p«.»fl»<.Tide.P«'fl°°'-2-«'''>''-^-P^^^^^^^ 
, i,,,3,3-peMafluo,opeMane, 3-fluoroberfdebydc 2-fluoro-5-nhro>oluene, 3- 
,5 nuoio«ytene.3,5-dinuor=imitoe,2,2.2..riiluoraethylacn'lale,3- _ 
Muo™e,ho^).ce,opbe„on., b.,pe^uoro.oprop,.) eta, bKperiluoropropy. eta, 
perfluoro isobutyl a>eAy. eta, perfluoro n-propyl e,hyl cAer, perfluoro cyclobmyl 
methyl eta, perfluor. cyclopropyl e.hyl ed,er, pertuoro i^opropyl methyl ether, 
petfluoro n.propyl methyl ether, perfluorodiethy. ether, perfluoro cyclopropyl medtyl 
,0 ether, perfluoro methyl ethyl ether, perfluoro dimethyl ether, air. noble gases, t.* as 
helium, rubidium hyperpolanzed xenon, hyperpolarized argon, hyperpolarued hehum. 
neon argon, xenon, carbon dioxide, nitrogen isopropyl acetylene, allene. 1.2.butad.ene. 
, 3-butadiene. ,,3.bu,adiene. 2.methyl-1.3.butadie„e. butadiene. 2-methylbuta„e. 1- 
butene. 2-butene. 2-n,etbyl-l-butene, 3.methyl-l-bmene, 4.phenyl-3-butene.2one, 2- 
.5 methyl-l-but.ne.3.yne, butyl nitrate, 1-butyne, 2-buty.e, 3-methyl-l.bu.yn., 2- 

bromohutyraldehyde, carbonyl sulfide, crotononitrile, cydobutane, methylcydobutane. 
cvdopropane, 3.chlorocyclopentene. dimethylamine. ,.2-dimethylcydoprop.ne. 1.1- 
dimethylcydopropane. 1 .2-dimethylcyclopropane. ethylcydopropane. 
methvlcydoprop»e. diacetylene. 3.ethyl-3.methyl diaziridine. dimethylethylamrne. 
30 bisldtaethylphosphinejamine. dimethyloxonium chloride. 2.3.dime.hyl-2-norbomane, 
, 3.dioxolane-2-one. 1.1-dichloroethane. 1,1-didJoroethylene. chloroethane. 1,1- 
Moroethane. methane, chlorodinitromethane. iodomethane. disilanomethane. 2- 
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methylbutane. methyl ether, methyl isopropyl ether, methyllactate. methylnitrite 
methylsulfide, methyl vinyl ether, neon, neopentane, nitrogen, nitrous oxide 1 2 3- 
oonadecanetricarboxyhc acid 2-hydroxytrimethyl ester. l-nonene-S-yne. 1.4-pemadie„e 
«-pentane, 4-amino-4-methyIpentan-2-one. 1-pentene, 2-pentene (cis and trans) 3- 
5 bromopent-l-ene.2-chloropropane. tetrachlorophthalic acid. 2.3.6-trimethyI.piperidine 
propane, l-chloropropane. ' -chloropropylene. chloropropylene-(trans). chloropropane- ' 
trans). 2-chloropropy,ene, 2-aminopropane, 1,2-epoxypropane. propene. propj^e. 2 4- 
d«oluene, vinyl acetylene, vinyl ether, ethyl vdnyl ether. 5-bromovaleryl chloride 

1- bromoethane. 6-bromo-l-hexene. 2-bromo-2-nitropropane, 2-bromo-5-nitrot,.ophe:e 

2- bromopropene. 3-chloro-5,5-dimethyl-2-cy,ohexene, 2-chloro-2-methylpropane and 

mixtures thereof 

Prrfm^d gases a.d ga.»„s precursors „„p„„„,, ^^^^ 
water b„, „K.l „.3,, ^ ^^^^^^^^^ ^ ^ ^^^^^ ^^^^^ 

and,h=. „„„™a,ed.,a,o... Preferred e™bodi.e„«, , he gas c„n,p,.ses a fluorinared 
gas, wtachrocludes gases comaining one or more fluorine a,o-«. Preferred are gases 
whrch conrain more one fluorine ..on. «fl, perfluorocarbons (fuily nuorina,«l 
fluorocarbonObeingmorepreferred. Prefe^ed gases and gaseous precursors include for 
exanrple, niuogen, fluorinated cari,ons. perfluorocarbons, sulfur bexafluorid. 
perfluoroether compounds and combinations thereof 
20 The preferred perfluo,ocri=ons gener^ly have fJom , to about 4 carbon atoms and from 
abou, 4 to about ,0 fluorine aton., m„s. pre5e.b,y pe,f,„orobu,.e ,C.F,,. Preferred 

about5oraout6carbo„atoms..nd,romaboutntoabout,5fluori.ea.o„s TTe 
pe^uorocarbon gas may be saturated, unsaturated or cychc, including, for exan^e 

pertu„romethane.pe,f,„oro.,hane,pe,fluoroprop.e,pe,fl„orocyc,opropa.. 
pe^orobutane perfluorocyciobutane, perfluoropentane, perfluorocyicopen,.^ 
^thereof ^^ore preferably, the perfluorocarho. gas . perfluoropLpane r 
periiuorobutane, «h pe*oropropa„e being particularly preferred. Another preferable 

1,1,1.2.3.3,3-heptafluoropropane and its isomer 1 1 2 2 3 3 1 hpnt.fl 

ype of gas, such as. for example, arr or nitrogen, can ^so be used in the compositions of 
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the present invention. Other gases, including the gases exemplified above, would be 
apparent to one skilled in the art in view of the present disclosure. 

Prefeired ethers for use in the present invention include partially or fully fluorinated 
ethers, preferably having a boiling point of from about 36**C to about 60'*C. Fluorinated 
5 ethers are ethers in which one or more hydrogen atoms is replaced by a fluorine atom. 
Fluorinated ethers have the general formula CX3(CX2)n-0-(CX2)nCX3, wherein X is a 
hydrogen atom, a fluorine atom or another halogen atom provided that at least one of X is 
a fluorine atom. Generally, fluorinated ethers containing about 4 to about 6 carbon atoms 
will have a boiling point within the preferred range for the invention, although smaller or 

10 larger chain fluorinated ethers may also be employed in appropriate circumstances. 
Exemplary fluorinated ethers include CFjCFjOCFjCFj, CF30(CF2)2CF3 and 
CF30CF(CF3)2. Other preferred perfluoroether analogues contain between 4 and 6 carbon 
atoms, and optionally contain one halide ion, preferably Br**. For example, compounds 
having the structure C„FyHjtOBr, where n is an integer of from 1 to about 6, y is an integer 

1 5 of from 0 to about 13, and x is an integer of from 0 to about 13, are useful as gaseous 
precursors. Examples of useful gaseous precursors having this formula include 
perfluoropropyloxylbromide and 2-bromooxyperfluoropropane. Other compounds that 
may be used in the present invention include compounds comprising a sulfur atom, such as 
those of the formula CF3-(CF2)n-SF5 or SFj-CCFjVSFj, where n is an integer of from 1 to 

20 about 10. 

The gaseous precursor materials may also be photoactivated materials, such as a 
diazonium ion and aminomalonate. As discussed more fully hereinafter, certain 
stabilizing materials and/or vesicles, particularly vesicles, may be formulated so that gas is 
formed at the target tissue or by the action of sound on the stabilizing materials. Examples 

25 of gaseous precursors are described, for example, in U.S. Patent Nos. 5,088,499 and 

5,149,319, the disclosures of each of which are hereby incorporated herein by reference in 
their entirety. Other gaseous precursors, in addition to those exemplified above, will be 
apparent to one skilled in the art in view of the present disclosure. 
The gases and/or gaseous precursors are preferably incorporated in the stabilizing 

30 materials and/or vesicles irrespective of the physical nature of the composition. Thus, it is 
contemplated that the gases and/or gaseous precursors may be incorporated, for example, 
in stabilizing materials in which the stabilizing materials are aggregated randomly, such as 
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emuIsioBs, dispersions or suspensions, as well as in vesicles, including vesicles which are 
formulated from lipids, such as n^icelles and liposomes. Incoa,oration of the gases and/or 
gaseous precursors in the stabilizing materials and/or vesicles may be achieved by using 
any of a number of methods. For example, in the case of vesicles based on lipids the 
5 fonnauon of gas filled vesicles can be achieved by shakmg or otherwise asitating'an 
aqueous m«ure which comprises a gas and/or gaseous precursor and one" or more lipids 
This promotes the fonnation of stabilized vesicles vdthin which the gas and/or .aseous ' 
precursor IS encapsulated. 

In ^cn, ■ gas „»y be bubbW direaly mo ^ aqueous .rixnire of mbilizi„ 
™a,eri.sau^o,ve»c,e.fo™u.co.pou.d.. A„e„.Uve,y, a gas i«i,,aUou .«h„d 
be used as d,sclosed, fo, example. i„ US. Pa,«„ Nos. 5,352,435 and 5.221.M6 
.se,„s„es of each of wbicb are he,eby i„con,ora«d herein by reference in ,heir'en,ire,y. 
Sunabie n.e,bods for incorporaung ,he gas and/or gaseons precursor in carionic lipid 
con,pos.Uons are disclosed aiso in U.S. Paren, No. .,S65,836, Ore disclosure of which is 
.reby ,„corpor.,ed herein by reference in i,s en.ire,y 0*er ™,bods would be apparent 
.0 one sailed .„,he an based on .hepresen, disclosure. Preferably, , he gas ™ay be 
.ns*d ,„ ,he s,abili^„g ^.eH^s a„d/or vesicles after or during ,be addition of U,. 
siabtog material and/or during fomtation of vesicles 
m preferred embodiments, the gases and/or gaseous precu„ors are incorporated in 
vestcle compositions, * ^celles and hposomes being prefetred. Vesicles in which a 
gas or gaseous precursor or both are encapsulated are advantageous in that they provide 
improved reflectivity in vivo. proviae 

His preferred that the stabili.„g materials, and especially the vesicles, be fonnulated 
from hp,ds and opuon. stabiliaing comp„„„,, ,„ 

vesides as discussed in detail above. Addition^, it is preferred that the stabili^g 
n.,e„.s and/or ve..es comprise a Wghiy stable gas as well. T.e phrase "highly stable 

IT : :r '"^ ^^-^ 

d rr T" ''''' P^-^-ocarbons since ,hey are generally less 

«.s.hle and ,el.tiv.y iusoluble in a,ueous media. Accor*„,y, thetr use ma lote 

the fonnauon ofhighly stable vesicles. niay promote 

Compositions employed herein may .so include, with respect to their preparation 

fon,a.,„„ and use, gaseous precursors that can he acuvated to change I'a liqlTor 
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solid state into a gas by temperature, pH, light, and energy (such as ultrasound). The 
gaseous precursors may be made into gas by storing the precursors at reduced pressure. 
For example, a vial stored under reduced pressure may create a headspace of 
perfluoropentane or perfluorohexane gas, useful for creating a preformed gas prior to 
5 injection. Preferably, the gaseous precursors may be activated by temperature. Set forth 
below is a table listing a series of gaseous precursors which undergo phase transitions 
from liquid to gaseous states at relatively close to normal body temperature (37**C) or 
below, and the size of the emulsified droplets that would be required to form a vesicle of a 
maximum size of 10 ^m. 

1 0 TABLE 1 : Physical Characteristics of Compounds and 

Diameter of Emulsified Droplet to Form a 10 }im Vesicle' 


15 


Compound 

Molecular 
Weight 

Boiling Point 

Density 

Diameter (^m) of 
emulsiiied droplet to 
make 10 micron vesicle 

perfluoro 
pentane 

288.04 

29.5 

1.7326 

2.9 

1- 

fluorobutane 

76.11 

32.5 

0.67789 

1.2 

2-methyl 
butane 
(isopeniane) 

72.15 

27.8 

0.6201 

2.6 

2-methyl 1- 
butene 

70.13 

31.2 

0.6504 

2.5 

2-methyl-2- 
butene 

70.13 

38.6 

0.6623 

2.5 

l-butene-3- 
yne-2 -methyl 

66.10 

34.0 

0.6801 

2.4 

3 -methyl- 1- 
butyne 

68.12 

29.5 

0.6660 

2.5 

octafluoro 
cyclobutane 

200.04 

.5.8 

1.48 

2.8 

decafluoro 
butane 

238.04 

-2 

1.517 

3.0 

hexafluoro 
ethane 

138.01 

-78.1 

1.607 

2.7 


'Source: Chemical Rubber Company Handbook of Chemistry and Physics, Robert C. Weasi and David 
35 R. Lide, eds., CRC Press, Inc. Boca Raton, Florida (1989-1990). 
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10 


As noted above, it is preferred to optimize the utility of the stabilizing materials and/or 
vesicles, especially vesicles formulated from lipids, by using gases of limited solubility; 
The phrase "limited solubility" refers to the ability of the gas to diffuse out of the vesicles 
by virtue of its solubility in the surrounding aqueous medium. A greater solubility in the 
aqueous medium imposes a gradient with the gas in the vesicle such that the gas may have 
a tendency to difiuse out of the vesicle. A lesser solubility in the aqueous milieu, may, on 
the other hand, decrease or eliminate the gradient between the vesicle and the interface 
such that diffusion of the gas out of the vesicle may be impeded. Preferably, the gas 
enuapped in the vesicle has a solubility less than that of oxygen, that is, about 1 part gas in 
about 32 pans water. See Matheson Gas Data Book, 1966, Matheson Company Inc. 
More preferably, the gas entrapped in the vesicle possesses a solubility in water less than 
that of air; and even more preferably, the gas entrapped in the vesicle possesses a 
solubility in water less than that of nitrogen. 
It may be desirable, in cenain embodiments, to formulate vesicles from substantially 
1 5 impermeable polymeric materials. In these embodiments, it is generally unnecessary to 
employ a gas which is highly insoluble. For example, stable vesicles which comprise 
substantially impermeable polymeric materials may be formulated with gases having 
higher solubilities, for example, air or nitrogen. 

The compounds, compositions and stabilizing materials of the present invention may 
funher comprise a targeting ligand. Targeting ligands are preferably associated with the 
prodrug and/or stabilizing materials and/or vesicles covalently or non-covalently. In the 
case of stabilizing materials, the targeting ligand may be bound, for example, via a 
covalent or non-covalent bond, to at least one of the lipids, proteins, polymers or 
surfactants incorporated in the stabilizing materials. In the case of prodrugs, the targeting 
25 ligand may be covalently bound to a reactive moiety on the prodrug or may be bound by a 
spacer or linker molecule with a reactive end such as an amine, hydroxy], or carboxylic 
acid functional group. 

Preferably, the targeting ligand is bound to the prodrug, stabilizing materials and/or 
vesicles covalently. In the case of lipid compositions which comprise cholesterol, the 
targeting ligand is preferably bound to the cholesterol substantially only non-covalenUy. 


20 


30 
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and/or the targeting ligand is bound covalently to a component of the composition, for 
example, another lipid, such as a phospholipid, other than the cholesterol. 

If desired, the targeting ligands may also be bound to other stabilizing materials, for 
example, polymers or surfactants, which may be present in the compositions. The 
5 targeting ligands which are incorporated in the compositions of the present invention are 
preferably substances which are capable of targeting receptors and/or tissues in vivo and/or 
in vitro. With respect to the targeting of tissue, the targeting ligands are desirably capable 
of targeting heart tissue and membranous tissues, including endothelial and epithelial 
cells. In the case of receptors, the targeting ligands are desirably capable of targeting 

1 0 lymphocyte receptors, such as T-cells, B-cells or interleukin-2 receptors. It is 

contemplated that preferred targeting ligands for use in targeting tissues and/or receptors, 
including the tissues and receptors exemplified above, are selected from the group 
consisting of proteins, including antibodies, antibody fragments, hormones, hormone 
analogues, glycoproteins and lectins, peptides, polypeptides, amino acids, sugars, such as 

15 saccharides, including monosaccharides and polysaccharides, and carbohydrates, vitamins, 
steroids, steroid analogs, hormones, cofactors, bioactive agents, and genetic material, 
including nucleosides, nucleotides, nucleotide acid constructs and polynucleotides, with 
peptides being particularly preferred. 
Generally speaking, peptides which are panicularly useful as targeting ligands include 

20 natural, modified natural, or synthetic peptides that incorporate additional modes of 

resistance to degradation by vascularly circulating esterases, amidases, or peptidases. One 
very useful method of stabilization of peptide moieties incorporates the use of cyclization 
techniques. As an example, the end-to-end cyclization whereby the carboxy terminus is 
covalently linked to the amine terminus via an amide bond may be useful to inhibit peptide 

25 degradation and increase circulating half-life. Additionally, a side chain-to-side chain 
cyclization is also panicularly useful in inducing stability. In addition, an end-to-side 
chain cyclization may be a useful modification as well. In addition, the substitution of an 
L-amino acid for a D-amino acid in a strategic region of the peptide may offer resistance 
to biological degradation. Suitable targeting ligands, and methods for their preparation, 

30 will be readily apparent to one skilled in the art, in view of the disclosure herein. 
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Preferred targeting ligands in the present invention include cell adhesion molecules 
(CAM), among which are, for example, cytokines, integrins, cadherins, immunoglobulins 
and selectins, all of which are discussed in detail below. 
In connection with the targeting of endothelial cells, suitable targeting ligands include, 

5 for example, one or more of the following: growth factors, including, for example, basic 
fibroblast growth factor (bFGF), acidic fibroblast growth factor (aFGF), transforming 
growth factor-alpha (TGF-a), transforming growth factor-beta (TGF-p), platelet-derived 
endothelial cell growth factor (PD-ECGF) vascular endotheUal grov^h factor (VEGF) and 
human growth factor (HGF); angiogenin; tumor necrosis factors, including tumor necrosis 

1 0 factor-alpha (TNF-a) and tumor necrosis factor-beta (TNF-P), and receptor antibodies and 
fragments thereof to tumor necrosis factor (TNF) receptor 1 or 2 family, including, for 
example, TNF-Rl, TNF-R2, FAS, TNFR-RP, NGF-R, CD30, CD40, CD27, OX40 and 
4- IBB; copper-containing polyribonucleotide angiotropin with a molecular weight of 
about 4,500, as well as low molecular weight non-peptide angiogenic factors, such as 1- 

1 5 butyryl glycerol; the prostaglandins, including, for example, prostaglandin E, (PGEj) and 
prostaglandin Ej (PGEj); nicotinamide; adenosine; dipyridamole; dobutamine; hyaluronic 
acid degradation products, such as, for example, degradation products resulting from 
hydrolysis of P linkages, including hyalobiuronic acid; angiogenesis inhibitors, including, 
for example, collagenase inhibitors; minocycline; medroxyprogesterone; chitin chemically 

20 modified with 6-0-sulfate and 6-0-carboxymethyl groups; angiostatic steroids, such as 
letrahydrocortisol, and heparin, including fi-agments of heparin, such as, for example, 
fragments haying a molecular weight of about 6,000, admixed with steroids, such as, for 
example, cortisone or hydrocortisone; angiogenesis inhibitors, including angioinhibin 
(AGM-1470 - an angiostatic antibiotic); platelet factor 4; protamine; sulfated 

25 polysaccharide peptidoglycan complexes derived fi-om the bacterial wall of m Arthobacter 
species; fungal-derived angiogenesis inhibitors, such as fumagillin derived from 
Aspergillus fumigatus; D-penicillamine; gold thioraalate; thrombospondin; vitamin D3 
analogues, including, for example, 1 -a,25-dihydroxy vitamin D3 and a synthetic analogue 
22-oxa-l-a,25-dihydroxy vitamin D3; interferons, including, for example, a-interferon, P- 

30 interferon and Y-interferon; cytokines and cytokine fragments, such as the interleukins, 
including, for example, interleukin- 1 (IL-1), inierleukin-2 (IL-2), interleukin-3 (IL-3), 
interleukin-4 (IL-4), interleukin-5 (IL-S), interleukin-6 (IL-6), interleukin-7 (IL-7) and 
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• / • « 10 mer Dentide or smaller for binding to receptor or 
^ TP$ leukocvte receptor antagonists; bepann, incmaing 

hydroxyeicosameaoic acid; okadaic acid; lecUns; an„bod,.s, CD. i./CD,8, 

Ute Activation ImeEriB-4(VLA-4)- , m n receotor may 

,„anothe,c»bodi,.e„.,s.a«p=p.id=swMchWthe.ter,uekt»-l « ' J 

, „ ,e u.d. Fot exampi., peptides ..etated by phage dUpiay core — ^^"^ ^_ 
.en.bo™tobees.atia,rotpep,ide«a..c,*.o^«^^^^^ 

«f WYOIY where J is azetidine and IL- 1 aniagouiaia 
mer with a core sequence of WYQJ Y . wnere _ i eu-Pro-Leu- 

,„.,.,o,o-.X.cba=AcP.e-OKTn..Pto-G.V-T.-T.^^^^ 

CONH. ot Ac-Pbe.G,u-T^-°-'V-''-^-*^-^^^^^^^ 

— ^^^^^ 

.„dot«™«nS.hevasc„>a.utei.to,be— .tissues. U..als *^^^ 
.,.i.d,sco.,y,bat.bese.a.ee.do.«a.— 

. :==^^^^^^^ 

such as GMP-140, .1 panicipate in endotbeli.-leu.ocyte adhesion and mclud ELAM . 

u „tpm 140 fGMP-140) also known as platelet 
LAM-1 and the granule membrane protem 140 (GMP ) ^cAM-l/INCAM- 
,et.va.ion.dependentgranule-ex.ern.membraneprotem(PAD^^^^^^^^^^ 

no (Vascular Adhesion MoleculeAnducible Adhesion Molecule) and ICAM-l 
->•; rintercellular Adhesion Molecule). 

' e cad.eH„ «, of ce„ adbesion .oiecuies n,ay aiso be used as ta^etms^^ 
,„c.udi„g for exa^pie, the E-, and P-cadheHn. cadhe,in.4, cadhenn-S, cadhc^.6, 
1,:,, cad.eHn.S, cadbetin-. cadbeHn-.O, and cadbeHn-i U and ntost pt*ab>y 
cadherin C-5. Fu-tber, antibodies direaed to cadherins. such as. fo, «an.pl , be ^ 
30 :lnaia„.bodyEc6C,0,,n.,beusedtotecos«i.ecadbeHns„pt.ssed,oc* 

specific endothelial cells. 


) 
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A wide variety of different targeting ligands can be selected to bind to the cytoplasmic 
domains of the ELAM moJecules. Targeting ligands in this regard may include lectins, a 
wide variety of carbohydrate or sugar moieties, antibodies, antibody fragments. Fab 
fragments, such as. for example, Fab7. and synthetic peptides, including, for example 
5 Argimne-Glycine-Aspartic Add (R-G-D) which may be targeted to wound healing. While 
many of these materials may be derived from natural sources, some may be synthesized by 
molecular biological recombinant techniques and others may be synthetic in origin 
Peptides may be prepared by a variety of different combmatorial chemistry techniques as 
are now known in the art. Targeting ligands derived or modified from human leukocyte 
10 ongm, such as CDl ,a/CD18, and leukocyte ceU surface glycoprotein (LFA-1). may also 
be used as these are known to bind to the endothelial cell receptor ICAM-l The cytokine 
mduable member of the immunoglobulin superfamily, VCAM-l, which is mononuclear 
leukocyte-selective, may also be used as a targeting ligand. VLA-4. derived from human 
monocytes, may be used to target VCAM-1. Antibodies and other targeting ligands may 
1 5 be employed to target endoglin, which is an endothelial cell proliferation marker 

Endoglm :s upregulated on endothelial cells in miscellaneous solid tumors. A targeting 
hgand which may be used to target endoglin is the antibody TECl 1 . Thorpe et al. Breast 
Cancer Research and Treatment, 56:237-5 1 (1 995) 

AS «h ,h. endothdial celk tossed above, = wide Variety „f peptide, p^ein, ^ 
.0 .„„bodies may be employed as .argeUng ligands for targedng epiMal cells. Prefe,ably 
a pep„de. ,„cl„d,„g symhetic, scmi.sy„,hedc or naturally-occurring pep,ides, „i,b Kg^ ' 
affinr,y ,o .be epi,heli. cell ,arge, receptor „ay be selected, ™U, synthetic peptides being 
more preferred. ,„ co™,ection «th tbese preferred embodiments, peptides having from 
aboutStoabom 15 amino acid residues are preferred. Antibodies may be used as v.bole 
amibody or antibody fragments, for example. Fab or F.b'2, either of natural or 
recombinant origin. The antibodies of natural orig,n ntay be of anim. or h^an origin, or 
may be cbtmeric (mouse/human). Human recombinant or chimeric antibodies are 
preferred and fragments are preferred to whole antibody 
Examples of monoclonal antibodies which may be employed as targeting ligands in the 
present compositions include CALAM 27, wWch is formed by immuniatng BALB/c nnce 
wtth Whole human s^amous cell carcinoma of the tongue and forming bybridomas by 
crosstng extraaed spleen cells with those of an NSI s^geneic myeloma cell line 
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UAT 4417-4424 (1987). CALAM 27 is directed to 
Gioanri et al.. Cancer Research 41. 4 17-4424 ( ^ J ^^^^^ 
.rf.ce epitopes of both normal and tn^gnant ep^theU. ce^^^^^^^ 

.-Mo.otco.ta.ce.e...^^^^^^ 
4424 (1987). Accordingly, l.p.d and/or es.c e comp 
3 beusedtotargetn.etastases.nthe.y.phnodes The-^^^^^ 
..p..edasatargeting.gand.rtargeti.^^^^^^^^^ 

(see Cancer i?e5eflrc;i,45.2358-23WU^ For targeting squamous 

Lo.. — c..o„..— ^^^^^^ 

066 Ref. 0827 8) may ^^^^^^^ 

the monoclonal antibody 225.28s (m« ^^jj 

employed. The monoclonal antibody mAb2E., which . targeted to EPR 

factor receptor, erbB2/HtK ^ 1 8 and 19, is expressed 

ov,^ .nd lung. Thus, ..*o.,es dTe«ea .0 ,h « ^ ^^^^ 

„,„rcff.rneotideErowth factors (PGl'-Kj.wniuimc 
ffj -746-54 (1994). Membrane receptors tor peptiac g 
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co.pn» p„„.„„, ,,,, ^ 2 7 

energ. ,e«p,or, b,oac„ve ,je.«, »ch as drags, including ,he alpha , -amaL, 
pra.os,n; „ ^«e,a.„.ep.„n drags wW.h bind ,o ,h an ^ 

a^ibodie, end„«„.,, „.cb is an endcbeW ^Z^ ""'"' 

-.«i„g,igand..ec™p,: 

p«p.....a,na.Hjrpr.d:c2;;r^^^^ 

pcpuae tAJVP), C-type natnuretic peptide (CWP\ , u- u ■ 
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peptide but genetically distinct, and possesses vasoacpve and antimitogenic activity; 
vasonatrin peptide (VNP) which is a chimera of atrial natriuretic peptide (ANP) and C- 
type natriuretic peptide (CNP) and comprises 27 amino acids; thrombin; endothelium- 
derived relaxing factor (EDRF); neutral endopeptidase 1 (NEP- 1); competitive inhibitors 
5 to EDRF, mcludmg, for example, NG-monomethyl-L-arginine (L-NMMA); potassium 
channel antagonists, such as charybdotoxin and glibenclamide; antiheart antibodies, which 
may be identified in patients with idiopathic dilated cardiomyopathy but which preferably 
do not elicit cytolysis in the myocardium; antibodies directed against the adenine 
nucleotide translocator, the branched-chain keto acid dehydrogenase or cardiac myosin; 

10 specific antagonists for the endothelin-A receptor, which may be referred to as BQ-123; 
and antibodies to the angiotensin 11 receptor. 

Two of the major antigens of heart sarcolemmal are calcium binding glycoproteins which 
copurify with the dihydropyridine receptor. Antisera may be raised, including polyclonal 
or monoclonal antibodies, against purified sarcolemma. These antibodies may also be 

1 5 employed as targeted ligands. Purified fi^actions of the calcium binding glycoproteins may 
be isolated fi*om the plasma membranes of the sarcolemma and then used to generate 
antibodies. ANP, which, as noted above, may be used as a targeting ligand, can be 
obtained fi-om cultures of human aortic endothelial cells. ANP is generally localized in 
endothelium, but also may localize to the endothelial or myocardial tissue. ANP may be 

20 prepared, for example, using recombinant techniques, as well as by synthesis of the 

peptide using peptide synthesis techniques well known to those skilled in the art. It is also 
possible to use an antibody, either polyclonal or monoclonal, directed towards ANP. 
Similarly, a peptide directed to ANP may be used for targeting endothelial and/or 
myocardial cells. Both the P and a forms of atrial natriuretic factor may be used as 

25 potential targeting ligands for directing the present compositions to myocardial tissue. 
A preferred embodiment of the present invention involves the selective targeting of 
prodrugs to lymphocytes. The prodrug can be incorporated into a delivery vehicle or may 
be used by hself for targeting to lymphocytes. Preferably a delivery vehicle is used and 
the preferred delivery vehicle comprises a stabilizing material, such as an emulsion or a 

30 gas-filled vesicle, more preferably a gas-filled liposome. Additionally, a targeting ligand 
may be incorporated into the delivery vehicle. 
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The targeting ligand is preferably covalently bound to the surface of the delivery vehicle 
by a spacer includbg. for example. hydrophiJic polj^ers. preferably polyethylene elycol 
Preferred molecular weights of the polymers are from 1000 da to .0,000 da, with 500 da 
bemg most preferred. Preferably the polymer is bifunctional with the targeting ]i«and 
bound to a terminus of the poljoner. Generally, the targeting ligand will range from 0 1 to 
20 mole percem of the e«erior components of the vesicle. In the case of gas-filled lipid 
vesacles. Uhs amoum is preferably between 0.5 and 10 mole percem with 1 to lOpercen. 
most prefe^ed. The exact ratio wiU depend upon the particular targeting ligand 
In one embodiment of the invention, thetargeting ligands are directed toward 
iyo.phocy.es wWch may be T-cells or B-cells, with T-cells being the preferred target 
Depen^ng on the targetmg ligand. the prodn^g deliver vehicle may be targeted to one or 
more classes or clones of T-ceUs. 

To selec, a cl..s of ,„,«ed ly„,phocy,«. . ^edng ligand having specific affi^y for 
. .. cia. employed. Fo, example, an ^ cr» anybody can be used for .eiecing .he 
.5 c ass of T c* .arboHn, CD-4 recep,o„, a. an.i CD-S an,ibod, can .e used f„, 

■.8a»-i.p„fe,aWye„p,oyed.e,g..Faborapepdd.*ag„en,. For example, a. OK^ 
anubody or OKT3 antibody (ragmen, nay be used 
20 Wben a recepror for a Cass of T-ceiis or dones of T-ceils is seiecud. ^ prodrug ^„ ^ 
d..vered.o,ba,c,assofce„. Using ^A-derived pepddes, for exampl, ai,l 
seiecuon of rargered clones of cells expressing reacivi,, ,o HLA proteins 

. b!:Z ---^-in.endng.o 
T ' •'-^ - ^^«v«y vehicle has ,„lced ,o i' 

^rge,. .he prodnrg .ay g» access ,„ .he interior of the target eel, either through a 
Wt^tated capptng and patching nrechanis., thehtterventionof cUthHn-co ,ed pi.s 

;. ^ (Wosts) through its well-established cytotoxicity 

One sued ,„ the a„ «„ recognize the potenUal for oUrer such targeted usrofH 

a^ntswhichgainaccesstothetarge. cells ortissuevialigand-Jptorblir 
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The following table illustrates ligands from the MHC (major histocompatability 
complex) and their receptors in the class of T-cells for which they have affinity. All the 
ligands, T-cell receptors and peptide sequences below may be used in the present 
invention. 


5 TABLE 2: MHC LIGANDS AND T-CELL RECEPTORS 


T-Cell Receptor 

Ligand 

Peptide Sequence 

HTB1577 

K'CQ 10b hybrid) 

Heterogeneous 

HTB 157.7 

pK''163-174 

NA 

2C 

LVp2Ca 

LSPFPFDL* 

2C 

LVp2Ca-A5 

LSPFAFDL 

2C 

L''/p2Ca.A3 

LSAFPFDL 

2C 

L''/p2Ca-A8 

LSPFPFDA 

2C 

LVSL9 

SPFPFDLLL 

2C 

KVp2Ca 

LSPFPFDL 

2C 

LVQL9 

QLSPSPDL 

4G3 

KVpOVS 

SIINFEKL 

2C 

L''/p2Ca.Y4 

LSPYPFDL 

2C 

LVp2Ca-Al 

ASPFPFDL 

Clone 30 

K^/lgG (bivalent) 

Heterogeneous 

14.3d 

1-EVpHA 

SSFGAPGIFPK 

5C.C7 

1-E^/MCC 

ANERADLIAYLKQATK 

228.4 

1-E^/MCC-K99A 

ANERADLIAYLKQATK 

2B4 

l-E'/MCC 

ANERADLIAYLKQATK 

2B4 

l-E'/PCC 

ANERADLLWLKQATAK 

2B4 

1-E^/MCC-T102S 

ANERADLL^YLKQASK 

HA1.7 

SEE 


M.3dp 

SECl 


14.3d p 

SEC2 


14,3d P 

SEC3 


14.3d P 

SEE 


14.3d p 

SPEA 
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• Single-lener code for anino acids. From Fremont « al. Curren, Opinion In In,„,unolog,. 
0 996) 8:93-100. page 96. Table 2. the disclosure of which is hereby incoipomed herem bv 

reference in its entirety. 

ADoto major area for .argeted prodmg delivery i,m>Jves the ta,e,leuld-2 (IL-2) 
5 system. 1-2 is a t-cell growth factor pr„d„c«, fono^.g „ .^^^^ 

sttrmtlatiot, of lymphoid cells. Amottg the cell types which produce IL-2 are CD4- and 
CDS- t-ceUs attd large granular lymphocytes, as weB as certain t-cell tumors IL.2 
receptors are glycoproteins expressed on responsive cells. They are notable in connection 
w,.h the presem invention hecause they are readily endocytosed into lysosom. inclusions 
whenho„ndtol.2. The ultimate effect of this endocytosis depends on the ,ar.e, cell hut 
among the notable ™ „v<, effects .re regression of transplantable muhn. tumor; huma. 
melanoma or renal cell canc«. n..2 has also been implicated in antibacterial and antiviral 
therapies and plays a role in allograa rejectioa In addition to IL-2 receptors, preferred 
.argeu mclude the anti-IL.J receptor antibody, natural IL-2 and an IL.2 fta™ of a 20- 
mer pepttde or smaller generated by phage display which binds to the IL-2 receptor 

Although no. .ntending to be bound by any panicular theory of operation, IL-2 may be 
conjugated to the prodntgs and/or other delivery vehicles and thus mediate the targeting of 
ce Is beanng IL-2 receptors Endoc^osis of the hgand-receptor complex would then 
dehver the bioaaive agent to the targeted cell, thereby inducing ns death through 
apoptosis - mdependent and superceding any proliferative or activating efl-ect wluch 1-2 
would promote alone. 

AddiUonally, a. IL-2 peptide ftagmem which has binding a«ty for IL.2 receptors can 
be tncotporated either by direct attachment to a reacUve motety on the prodrug or via a 
spac« or hnker molecule with a reactive end such as an amine, hydroxy^ or carboxyhc 
a .d htnconal group. Such lingers are well ^own in the . and may compHse ftom 3 to 
.0- mtno acd res,dues. ^.ernattvely, D-amino acids or denvatized anuno acids may be 
used which avoid proteolysis in the target tissue 

Still other sy^ems which can be used in the presem invention include IgM-mediated 
endocyto^s in B-cells or a vaHant of the ligand-receptor interactions descHbed above 

antigen 3 (LFA.3), as described, for example, by Wallner e. al, J. B.per>.,„a, M,, 
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166:923-932 (1987); the disclosure of which is hereby incorporated by reference herein in 
its entirety. 

The targeting ligand may be incorporated in the present stabilizing materials in a variety 
of ways. Generally speaking, the targeting ligand may be incorporated in the present 
5 stabilizing materials by being associated covalently or non-covalently with one or more of 
the stabilizing materials which are included in the compositions including, for example, 
the prodrugs, lipids, proteins, polymers, surfactants, and/or auxiliary stabilizing materials. 
In preferred form, the targeting ligand may be associated covalently with one or more of 
the aforementioned materials contained in the present stabilizing materials. Preferred 
10 stabilizing materials of the present invention comprise prodrugs, lipid, protein, polymer or 
surfactant compounds. In these compositions, the targeting ligands are preferably 
associated covalently with the prodrug, lipid, protein, polymer or surfactant compounds. 

Exemplary covalent bonds by which the targeting ligands are associated with the 
stabilizing materials, including prodrugs, lipids, proteins, polymers, surfactants and/or 
1 5 vesicles include, for example, amide (-CONH-); thioamide (-CSNH-); ether (ROR'), where 
R and R' may be the same or different and are other than hydrogen); ester (-C00-); 
thioester 

(-COS-); -0-; -S-; -S„-, where n is greater than 1, preferably about 2 to about 8, and more 
preferably about 2; carbamates; -NH-; -NR., where R is alkyl, for example, alkyl of from 1 

20 to about 4 carbons; urethane; and substituted imidate; and combinations of two or more of 
these. Covalent bonds between targeting ligands and, for example, lipids, may be 
achieved through the use of molecules that may act as spacers to increase the 
conformational and topographical flexibility of the ligand. Examples of such spacers 
include, for example, succinic acid, 1,6-hexanedioic acid, 1,8-octanedioic acid, and the 

25 like, as well as modified amino acids, such as, for example, 6-aminohexanoic acid, 4- 
aminobutanoic acid, and the like. In addition, in the case of targeting ligands which 
comprise peptide moieties, sidechain-to-sidechain crosslinking may be complemented 
with sidechain-to-end crosslinking and/or end-to-end crosslinking. Also, small spacer 
molecules, such as dimethylsuberimidate, may be used to accomplish similar objectives. 

30 The use of agents, including those used in SchifFs base-type reactions, such as 
gluteraldehyde, may also be employed. The Schiff s base linkages, which may be 
reversible linkages, can be rendered more permanent covalent linkages via the use of 
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.=.u.„g ^^^^^ ^ 

sodium cyanoborohydride(NaBH3CN) e^jNauHjor 

.1 . I.-,- ^''^"^acuvating agents are generally 

T'T "° •° ™Z 

■:rtonyld„n„dazote(CDO.dicyck,hexylc.rb<wlii^de(DCCldn, , . 

»n=. Of , ,r ° T' '° ^""^ ^ 

described, fo, e«a.,p,e, i„ R L U Hald V . """""^-^ 

■,■ , . txemplaiy crosslinkers include, for examnle 1 v 

^a»d on hydrocarbon len^ .d bi.N.„:.„r::;:::! 

apparent to one skilled in th • • ^ ^ '"^'"^'^ ^"'^ be 

-pco^pjaZrcz::^^^^^^^^^^^ 

P ymer. Suitable hydrophihc linker polymers include, for 
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polyacn,l»mid==, ^ch ^ for example, poly».4.crylam. . P y ^ 

L po,M— ta.— p*M.oxy=*^ , 

, ..o...Po.y.«.^---^^^ 

polyhyhydroxypropyloxmlmK, polyvmy 
„«oac.O,po.yo— .P*--^^^^ 
(p„„si*). The byerop* poly»e. are p^n * ^ ^^^^ 

nfPEG PPG polyvinyWcoholaiKlpolyviir(lpynoMoneai.acop 

:::pZ::L.,rore,..p..ppB.^^^^ 

of DPPE-PEG-TL, where TL is a targeung g ^presented 

.DPPE-PEG5000-TL. bydrophilic polymer used a a U^n^^^^^^^^^ 
„.poiy.er,forexa.ple,.— PEO,s.^^^^^^^^ 

of the PEG group is linked, for example, to a hpid compound, and 
one end of the PEG grop ^ A hydrophilic polymer, for example, 

free end to the targeting hgand .a an am.de hnkage. A y P 

avAblecommercWly,suchaaot=»™pl«.«-™'»"'-'^'»"'°'^^'' 
:_..y„«e.o. — Po,y.e.(H„«^^^^^^^^ 

„,„g a PEG material as *= linking B-up is *a, *a s,za of .be PEG can van ^ 
30 .ln.n.berofn,onon,eHc.buni«of..b,laneglycol™ybeasfew.for^^^^^ 

-.o.a=.anyaaor»a.pleabo„SOOor...«...^ 
or length of the linkage may be vaned, as desired. This may be imp 
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on .h. p»ie.W u,ge:^g Hja^ employed.. For e«„p,e, , 
wb.chco„p„»«a,„sep,„.ei.„„,.e„,.^„,^.,^„„,^^^^^^^^_^ 

3 ™--'esw..M.c„.pH»,.„ac.vea,„,i„,d.,.p.J,,,„^,:: 
~„„„ ofbioacive .ge. or prodrug , ,„ ^„ 

a*-a..ageo„,,i„cre=,ed. A.o*ers„i,ab,e«„gg,„„,,„,,„.^p„ J^^^^ 

^--"•-«'=-Be.»c.pro.dea 
ctlr ^*--w«.a„.„or 

More specifioa^y, ,ie compounds employed i. .,e prese. .uMi^og ™,.ri^ 
.2prod„g.,.,,„,,„,^„^^^^^^ 

boxyhc acd o, carboxyl,c acd dermme of the hydrophijic p„ly„™ 

.u rv ^^^*^'=^''°'0'J'c acid group (or derivative 

Ti,. ,»™ ^° »hose skilled in the art 

^ "^"'='^°""°"»le'0"P is a hydroxy! group suitaW. 

P™eo.,„g groop. ipcude, for „a.„p,, Jolon^tl 

pro-ecng gro„p. „e descHbed, for «anp,, , Or«„, ™ Wu, PGM ^ • 

Groups in Organic Synthesis-, Ota Wiley NewYorl, 2„hph T 
of which is hereby incorporated her . , 
30 groups for an,ine groTprir ' " ^'""^'^ "'-'"S 

(-oc,,be.,,o;c:~;T:r'*~^^ 

yl (Cbz), o-mtrobenzyloxycarbonyl and tiifluoroacerate (TFA). 
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Amine groups which may be present, for example, on a backbone of a polymer which is 
included in the vesicles, may be coupled to amine groups on a hydrophilic linking polymer 
by forming a SchiflPs base, for example, by using coupling agents, such as glutaraldehyde. 
An example of this coupling is described by Allcock et al, Macromolecules, J9f6):\S02- 
5 1 508 (1986), the disclosure of which is hereby incorporated herein by reference in its 
entirety. If, for example, vesicles are formulated from polylysine, free amino groups may 
be exposed on the surface of the vesicles, and these free amine groups may be activated as 
described above. The activated amine groups can be used, in turti, to couple to a 
functionalized hydrophilic polymer, such as, for example, a-amino-(i)-hydroxy-PEG in 

1 0 which the co-hydroxy group has been protected with a carbonate group. After the reaction 
is completed, the carbonate group can be cleaved, thereby enabling the terminal hydroxy 
group to be activated for reaction to a suitable targeting ligand. In certain embodiments, 
the surface of a vesicle may be activated, for example, by displacing chlorine atoms in 
chlorine-containing phosphazene residues, such as polydichlorophosphazene. Subsequent 

1 5 addition of a targeting ligand and quenching of the remaining chloride groups with water 
or aqueous methanol will yield the coupled product. 

In addition, poly(diphenoxyphospha2ene) can be synthesized (Allcock et al, 
Macrornolecules, J 9(6) :\ 502-150% (1986)) and immobilized, for example, on DPPE, 
followed by nitration of the phenoxy moieties by the addition of a mixture of nitric acid 

20 and acetic anhydride. The subsequent nitro groups may then be activated, for example, by 
(1) treatment with cyanogen bromide in 0.1 M phosphate buffer (pH 1 1), followed by 
addition of a targeting ligand containing a free amino moiety to generate a coupled urea 
analog, (2) formation of a diazonium salt using sodium nitrite/HCl, followed by addition 
of the targeting hgand to form a coupled ligand, and/or (3) the use of a dialdehyde, for 

25 example, glutaraldehyde as described above, to form a SchifTs base. After linking the 
DPPE to the hydrophilic polymer and the targeting ligand, the vesicles may be formulated 
utilizing the procedures described herein. 

Aldehyde groups on polymers can be coupled with amines as described above by 
forming a Schiff s base. An example of this coupling procedure is described in Allcock 

30 and Austin, Macrornolecules, 14\\6\6 (1981), the disclosure of which is hereby 
incorporated herein by reference in its entirety. 
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la the above procedures, the polymer or teiminus of the lipid, for example, 
phosphatidylglycerol or phosphatidylethanolamine, is preferably activated and coupled to 
the hydrophiUc polymeric linker, the terminus of which has been blocked in a suitable 
manner. As an example of this strategy, a-amino-(i)-carboxy-PEG4000 having a t-Boc 
protected terminal amino group and a free carboxylate end, may be activated with 1,1'- 
carbonyldiimidazole in the presence of hydroxybenzotriazole in N-methylpyrollidone. 
After the addition of phosphatidylethanolamine, the t-Boc group may be removed by using 
trifluoroacetic acid (TFA), leaving the free amine. The amine may then be reacted with a 
targeting ligand which may comprise, for example, a peptide, protein, alkaloid, or other 
moiety, by similar activation of the ligand, to provide the lipid-linker-targeting ligand 
conjugate. Other strategies, in addition to those exemplified above, may be utilized to 
prepare the lipid-linker-targeting ligand conjugates. Generally speaking, these methods 
employ synthetic strategies which are generally known to one skilled in the art of synthetic 
organic chemistry. 

As known to one of ordinary skill in the art, immunoglobulins typically comprise a 
flexible region which is identified as the "hinge" region. See. e.g., "Concise Encyclopedia 
of Biochemistry", Second Edition, Walter de Gruyter & Co., pp. 282-283 (1988). Fab' 
fragmems can be linked to the lipids, polymers, proteins and/or vesicles using the well- 
defined sites of the thiols of the hinge region. This is a preferred region for coupling Fab- 
fragments as the potential binding site is remote from the antigen-recognition site. 
Generally speaking, it may be difficult to utilize the thiols of the hinge group unless they 
are adequately prepared. In panicular. as outlined by Shahinian and Salvias (Biochimica 
et BiophysicaActa, 1239:151-161 (1995)) it may be important to reduce the thiol groups 
so that they are available for coupling, for example, to maleimide derivatized linking 
groups. Examples of reducing agents commonly used are ethanedithiol, mercaptoethanol, 
mercaptoethylamine or the more commonly used dithiothreitol. commonly referred to as ' 
Cleland's reagent. However, it should be noted that care should be exercised when 
utilizing certain reducing agents, such as dithiothreitol, as overreduction may result. 
Discriminating use of reducing agents may be necessary in comiection with proteins 
whose activity or binding capacity may be compromised due to overreduction and 
subsequent denaturation or conformational change. See, e.g., Shahinian, et al, Biochim 
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Biophys, Acta, I239:\S1'\61 (1995). the disclosure of which is hereby incorporated herein 
by reference in its entirety. 

F(ab')2 antibody fragments may be prepared by incubating the antibodies with pepsin 
(60Mg/ml) in 0,1 M sodium acetate (pH 4.2) for 4 h at Digestion may be terminated 

by adding 2 M Tris (pH 8.8) to a final concentration of 80 mM. The F(ab')2 fraements 
may then be obtained by centrifiigation (10,000 x g. 30 min. 4"C). The supernatant may 
then be dialyzed at 4'C against 1 50 mM NaCI, 20 mM phosphate at pH 7.0. This then 
may be chromatographed on a column of Protein A-Sepharose CL-4B to remove any 
undigested IgG. The Fab' fragments may then be prepared by extensively degassing the 
solutions and purging with nitrogen prior to use. The F(ab')2 fragments may be provided 
at a concentration of 5 mg/ml and reduced under argon in 30 mM cysteine. Alternatively, 
cysteamine may be employed. 100 mM Tris, pH 7.6 may be used as a buffer for 15 min at 
37X, The solutions may then be diluted 2-fold with an equal volume of the appropriate 
experimental buffer and spun through a 0.4 ml spin column of Bio-Gel P-6DG. The 
resulting Fab' fragments may be more efficient in their coupling to maleimide linkers. 
Note also that the same procedure may be employed with other macromolecules 
containing cysteine residues for coupling, for example, to the maleimide spacers. Also, 
peptides may be utilized provided that they contain a cysteine residue. If the peptides 
have not been made fresh and there is a possibility of oxidation of cysteine residues within 
the peptide structure, it may be necessary to regenerate the thiol group using the approach 
outlined above. 

Additional linkers would include other derivatives of lipids useful for coupling to a 
biflinctional spacer. For example, phosphatidylethanolamine (PE) may be coupled to a 
bifunctional agent. For example N-succinimidyl 4-(p-maleimido-phenyl)butyrate (SMPB) 
25 and N-succinimidyl 3-(2-pyridy]dithiol) propionate (SPDP), N-succinimidyl trans-4-(N- 
maleimjdylmethyl)cyclohexane- 1 -carboxylate (SMCC). and N-succinimidyl 3- 
maleimidylbenzoate (SMB) may be used among others, to produce, for example the 
functionalized lipids MPB-PE and PDP-PE. 

The free end of the hydrophilic spacer, such as polyethylene glycol ethylamine, which 
contains a reactive group, such as an amine or hydroxyl group, could be used to bind a 
cofactor or other targeting ligand. For example, polyethylene glycol ethylamine may be 
reacted with N-succinimidylbiotin or p-nitrophenylbiotin to introduce onto the spacer a 


20 


30 
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readdy „o..c„va,=„,„ ^ ^ MPB-PECDPPE ™v be 
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and the like. Non-cbvalent bonds are preferably selected from the group consisting of 
ionic interaction, dipole-dipole interaction, hydrogen bonds, hydrophilic interactions, van 
der Waal's forces, and any combinations thereof. Non-covalent interactions may be 
employed to bind the targeting ligand to the lipid, or directly to the surface of a vesicle. 

5 For example, the amino acid sequence Gly-Gly-His may be bound to the surface of a 
vesicle, preferably by a linker, such as PEG, and copper, iron or vanadyl ion may then be 
added. Proteins, such as antibodies which contain histidine residues, may then bind to the 
vesicle via an ionic bridge with the copper ion, as described in U.S. Patent No. 5,466,467, 
the disclosure of which is hereby incorporated herein by reference in its entirety. An 

1 0 example of hydrogen bonding involves cardiolipin lipids which can be incorporated into 
the lipid compositions. 

In preferred embodiments of the present invention, which may involve vesicles, changes, 
for example, in pH and/or temperature in vivo, may be employed to promote a change in 
location in the targeting ligands, for example, from a location within the vesicle, to a 

1 5 location external to the outer wall of the vesicle. This may promote binding of the 
targeting ligands to targeting sites, for example, receptors, such as lymphocytes, and 
tissues, including myocardial, endothelial and epithelial cells, since the targeting ligand 
has a greater likelihood of exposure to such targeting sites. In addition, high energy 
uhrasound can be used to promote rupturing of the vesicles. This can also expose the 

20 targeting ligand to the desired binding site. 

As an example, a targeting ligand incorporated into the compositions of the present 
invention may be of the formula: 

L-P.T 

where L is a prodrug, lipid, protein, polymer, carbohydrate, surfactant or the like; P is a 

25 hydrophilic polymer; and T is a targeting ligand. 

In a preferred embodiment, L is a lipid selected from the group consisting of lecithins, 
phosphatidylcholines, phosphatidylserines, phosphatidylinositols, cardiolipins, 
cholesterols, cholesterolamines, lysophosphatides, erythrosphingosines, sphingomyelins, 
ceramides, cerebrosides, saturated phospholipids, unsaturated phospholipids, and krill 

30 phospholipids, more preferably, L is selected from the group consisting of lecithins, 
phosphatidylcholines, phosphatidylserines and phosphatidylinositols. In other preferred 
embodiments, L is a lipid selected from the group consisting of 1,2-diacyl-sn-glycero- 
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3-pbosphocholines.I.2-diacy]-sn-gIycero-3-phosphoethanolan^„e^ 1,2-diacvI-sn-gIycero- 
3-[phospho-rac-(l-glycerols)L U-diacyl-sn-gIycero-3-phosphates. ].2-diacyl.s„- 
glycero-3-[phosphoserines], lysophosphatidylcholines. lysophosphatidylelycerols I 
d.acyl-sn-glycerols, 1.2-diacyI-ethylene glycols, N-(n-caproylamine)-1.2-diacyl-sn- ' 
5 glycero-3-phosphoethanolamines. N-dodecany]amine-l,2-diacyl-sn-elycero.3- 
phosphoethanol-anunes,N-succinyl-1.2-diacyl-sn-glyceroO-phosphoeth^ 
gIutaryl-1.2-diacyl-sn-glycero-3-phosphoethanol-axnines and N-dodeca„yI- 1 2-diacy|.sn- 
glycero-3-phosphoethanolanunes. .ore preferably. L is selected from the group consisting 
ofl,2-d.acyl.sn-glycero-3-phosphocholines. 1.2-diacyI-sn-glycero-3- 

0 PhosphoethanoIan^nes,1.2-diacyl-sn-glyceroO-[phospho-rac-(l.g]ycerols)] 
U-d.acyI-sn-glycero-3-phosphates. U-diacyl-sn-glycero-3-[phosphoserine;] 
lysophosphatidylcholines. lysophosphatidyl-glycerols and U-diacyl-sn-glycerols 
In other preferred embodiments, L is a protein which comprises albumin 

_ In st,l. other prefe^ed embodiments. L is a polymer which comprises synthetic polymers 

> °-°P°^ymerspreparedfrommonomersselectedfromthegroupconsisungofac^^^^ 
methacryhc acid, ethyleneimine, crotonic acid, acrylamide, ethyl ac^^late. methyl 
methacrylate, 2-hydroxyethyi methacrylate. lactic acid, glycolic acid, e-caprolactcne 
acroiem. cyanoacrylate. bisphenol A, epichlorhydrin. hydroxyalkylacrylates, siloxane 
d-methylsiloxane. ethylene o^de. propylene o^de. ethylene glycol, hydroxy^kylmeth- 
acrylates, N-substituted acrylamides. N-substituted methacrylamides. N-vinyl-2- 
pyrrolidone. 2.4-pentadiene-,-ol. viny, acetate, ac^lomtril, styrene. p-amino-styrene p- 
anunobenzyl-styrene. sodium styrene sulfonate, sodium 2-sulfoxyethylmeth-acry,ate ' 
vmyl pyridine. aminoethylmethac.y.ates,2.methacryloyloxy-trimet^^^^ ' 
cl^onde and polyphosphazene. Aiso preferred are compounds where L is a polymer 
w.ch comprises synthetic polymers or copolymers selected from the group consisting of 
po iyac^hc acid, po.yethylenein.ne. po.ymethac^.ic acid, polymethylmeth-acrylate 
PC ys..oxane. polydimethylsiloxane, polylact. acid. poly(e-caprolactone). epoxy re^n 
poiy(ethylene o,dde). poly(propy.ene o^de). poly(ethylene glycol), polyamide ' 
poi>.iny.idene-polyac^,o„i.ril,polyvi„ylidene-poty^^^^^^^ 
acrylate and polystyrene-po.yac^lonitrile. Preferred among these polymers is 
polyvmylidene-polyacrylonitrile copolymer. 
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In other preferred embodiments, L is a surfactant, preferably a fluorosurfactani, and more 
preferably a fluorosurfactant having polyethylene glycol attached thereto. 

In the above compounds, P is a hydrophilic polymer. Preferably, P is a hydrophilic 
polymer selected from the group consisting of polyalkyleneoxides, polyvinyl alcohol, 
5 polyvinylpyrrolidones, polyacrylamides, polymethacrylamides, polyphosphazenes, 

phosphazene, poly(hydroxya]kylcarboxylic acids) and polyoxazolidines. More preferably, 
P is a polyalkyleneoxide polymer, with polyethylene glycol and polypropylene glycol 
being even more preferred and polyethylene glycol being particularly preferred. 

In the above formula, T is a targeting ligand. Preferably, T is a targeting ligand v^hich 
10 targets lymphocytes. Also in preferred embodiments, T is a targeting ligand selected from 
the group consisting of proteins, peptides, saccharides, steroids, steroid analogs, bioactive 
agents and genetic material, with proteins, peptides and saccharides being more preferred. 
Most preferred, T is a targeting ligand which targets T-cell receptors, B-cell receptors or 
IL-2 receptors. 

15 In the case of targeting ligands which comprise saccharide groups, suitable saccharide 
moieties include, for example, monosaccharides, disaccharides and polysaccharides. 
Exemplary monosaccharides may have six carbon atoms and these saccharides include 
allose, aitrose, glucose, dextrose, mannose, gulose, idose, galactose, talose, fructose, 
psicose, verbose and tagatose. Five carbon saccharides include ribose, arabinose, xylose, 

20 lyxose, ribulose and xylulose. Four carbon saccharides include erythrose, threose and 
erythrulose. Disaccharides include sucrose, lactose, maltose, isomaltose and cellobiose. 
Saccharide bearing targeting lipids may be synthesized through a multistep organic 
synthesis approach, as described more fully hereinafter. For example, lipids bearing 
targeting glucose moieties may be prepared by reacting, for example, a-glucopyranosyl 

25 bromide tetrabenzyl with w-trifluoroacetylaminopoly-ethylene glycol to obtain to- 

glucopyranosyl tetrabenzyl-co'-trifluoroacetylaminopolyethylene glycol. This may then be 
hydrolyzed in a sodium carbonate or potassium carbonate solution and then hydrogenated 
to obtain to-glucopyranosyl-to'amino-polyethylene glycol. Aminoglycopyranosyl 
terminated polyethylene glycol may then react with N-DPGS-succinimide to form the lipid 

30 bearing saccharide DPGS-NH-PEG-Glucose. In cenain embodiments, the targeting 
ligands target cancer cells or tumor cells. 
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In another embodiment, the targeting ligand incorporated into the compositions of the 
present invention may be of the following formula, which falls within the scope of the 
compound of the fonnula L-P-T above: 

Rl Ri 

i I 

Xi Xi 


R.-C-_M-X.-(2)^_(X3)^__Q 


R 


i3 


Wherein each X, is independently -0-. -S-, -SO, -SO,, -NR,, -X,-C(=X,), -C(=X,)-X - 

5 or * 

-C(=X3).; each of X, and X3 is independently a direct bond. -R,-X,-C(=X,). -R,.C(=X ) 
X,. -X,-C(=XO-R„ -C(=X,)-X,-R,. -X,-R,-C(=X,)-X„ -RrX.-C(=X,)-R,-C(Ix,)-X.- or 
-R.-C( X,)-X,-R,-X,-C(=X,)-; each X, is independently -0-. -NR.- or -S-; each X, is 
independently O or S; M is -R,-X,C(=X,), -R,-C(=X,)-X„ -R.-XHYX,)P(=X,)-X,- or 

10 -X,-(YX5)P(-X,)-X,-R,-; each n is, independently, 0 orl; Y is hydrogen or a 

pharmaceutical^ acceptable counter ion; Z is a hydrophilic polymer; Q is a targeting 
hgand or a precursor to a targeting ligand; each R, is independently an alkyl group of I to 
about 50 carbons that may optionally be substituted with one or more halogen atoms; each 
R: .s mdependently an alkylene group of] to about 30 carbons that may optionally be 

1 5 substituted with one or more halogen atoms; each of R, and R, is independently hydrogen 
or alkyl of 1 to about 10 carbons; and each R, is independently a direct bond or alkylene of 
1 to about 30 carbons. 

In the above formula, h is intended that when any symbol appears more than once in a 
part,cular formula or substituem, its meaning in each instance is independent of the other 
.0 Also .n the above formula, it is intended that when each of two or more adjacent symbols 
.s efined as being a "d.ect bond" to provide multiple, adjacent direct bonds, the multiple 
and adjacent direct bonds devolve into a single direct bond. 

Injjreferred embodiments, each X, is independently -X,-C(=X3)-. -C(=XO-X,- or 
*C(=X5)-, more preferably X.-C^=X ^- nr r/-v ^ v 

^ ^ ^ ^5-' °'^ -^(-Xj^X,-. even more preferably .C(=X,)-X.. 
5 for example, -C(=0)-0-. ^ ^i) . 
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In preferred embodiments, each of and X3 is independently a direct bond, 
-R,.X,-C(=X3)-, -R,-C(=X5)-X„ .X,-C(-X5)-R5-, -C(=X3)-X,-R3-, .X,-R5-C(=X5>X,- or 
-R,-X4-C(=X5)"R5-C(=X,)-X4-, more preferably .CH2CH2-C(=0).NH- or 
-CH2CH2NH-C(=0)-CH2CH2.C(=0)-NH- and X3 is a direct bond, -C(=0)-NH-, -NH- 
5 c(=0)-, -NH-C(=0).CH2, -NHCH2-C(=0)-NH- or .NH-C(-0)-CH2CH,. 

Preferably, each X4 is independently -0- or -NR4-. 

Preferably, Xj is O. 

In preferred embodiments, M is 'K,'X,-Ci=Xiy or -R5-X4-(YX5)P(=X5)-X,-, more 
preferably -CH20-C(=0) or -CH20-(HO)P(=0)-0-. In other preferred embodiments, M is 

1 0 "R5-X4-C(=X5> or -R5-C(=X5)-X4-. In other preferred embodiments, M is -R5-X4- 
(YX5)P(=X5)-X4- or -X,-{YX;)?(^X,yX,'K^-. wherein at least one of X4 or X5 is S. 

In the above formula, Z is a hydrophilic polymer. Preferably, Z is selected from the 
group consisting of polyalkyleneoxides, polyvinyl alcohol, polyvinylpyrrolidones, 
polyacrylamides, polymethacrylamides, polyphosphazenes, poly(hydroxyalkylcarboxylic 

15 acids) and polyoxazolidines. More preferably, Z comprises a polyalkyleneoxide. Even 
more preferably, Z is a polyalkyleneoxide selected from the group consisting of 
polyethylene glycol and polypropylene glycol, with polyethylene glycol being still more 
preferred. In certain other preferred embodiments, Z is a hydrophilic polymer other than 
polyalkylene-oxides, including polyethylene glycol and polypropylene glycol. The 

20 molecular weight of Z may vary, depending, for example, on the particular end-use of the 
compounds. Preferably, Z is a polymer having a molecular weight which ranges from 
about 100 to about 10,000, and all combinations and subcombinations of ranges therein. 
More preferably, Z is a polymer having a molecular weight of from about 1,000 to about 
5,000. Also preferred are polymers which exhibit polydispersities ranging from greater 

25 than about 1 to about 3, and all combinations and subcombinations of ranges therein. 
More preferably, Z is a polymer having a polydispersity of from greater than about 1 to 
about 2, with polydispersities of from greater than about 1 to about 1 .5 being even more 
preferred, and polydispersities of from greater than about 1 to about 1 ,2 being still more 
preferred. 

30 In the above formula, Q is a targeting ligand or a precursor thereto. In embodiments 
where Q is a targeting Hgand, Q preferably targets lymphocytes. In addition, in 
embodiments where Q is a targeting ligand, Q is preferably selected from the group 
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receptors, B-cell receptors or IL-2 receptors 

10 preferably eadrR . ^ «■> 30 carbom. Ev«,„„re 

-bo„3. I„ Otter preferred e.bodtae„„ le ^ " ^""^ 

WependenrlMkyleneof, ,„ ab„„ ,0 !l , """^''f"*^. 
20 W=pe=der,dy^^,e„e„f, oab ^™ P™f-b,y, each R, , 

--.efe.ib:::rr:r:c^^^^^^^^ 

-ore «u„H„e arc™,, ,.d ™y be per^^oH^i ' " 

In the above fonnula, each of R and R ;c • ^ . 

2= Preferably, ..ch of R. a.d R Ts b! -'-"Wna.io,„ of r»,,« ,her.„, 

---.-of^'r::::::^"-^--— . More 

30 More preferably each Ri,i„H ' ' " ' » ""ou, 20 carbo,» 

ly. «ch R, „ ,„depe„,.„,^ ^ ^.^^ ^^^^^ ^ 
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10 


15 


.bou. 5 .arbom. Stfl more preferably, each R, is a direc. bond or -(CHO.-, ""-ere x is 1 

°The srabiliziog marenals ar.d/or ve^cles of .he presen, ihverrUon rnay be prepared using 
any of. variety of suitable meUrods. The« are described below separately for , he 
entbodinrents involving stabilizing materials and a gas. including gas filled vestdes. and 
entbodintents involving stabiliing materials and a gaseous precursor, including gaseous 
precursor filled vesicles, although stabilizing materials comprising both a gas and a 
gaseous precursor are a part of the present invention, A targeting ligand may be att^hed 
,0 the gas and/or gaseous precursor fllWveside by bonding to one or more of the 
materials employed m the compositions ftom which Utey are m»ie, indudmg the 
prodnrgs, lipids, protcns. polymers, »rfactants and/or auxiliary stabiUzing matertals, such 
as polymers or surfactants. , 

A wide variety of methods are available for the preparation of the stabilizing matenals, 
including vesicles, such as micelles and/or liposomes. Included among these methods are. 
for example, shaking, diying, gas-installation, spray drying, and the like. SuUable 
methods for preparing vesicle compositions are described, for example, in U.S. Patent No. 
5 469 854 the disclosure of which is hereby incorporated herein by reference m its 
entirety The vesicles are preferably prepared from lipids which remain in the gel state. 
Micellesmaybepreparedusinganyoneofavarietyofconventionalm.cellar 

preparatorymethodswhichwillbeapparenttothoseskilledintheart. Thesemethods 
typically involve suspension of the stabilizing material, such as a lipid compound, m an 
organic solvent, evaporation of the solvem. resuspension in an aqueous medmm. 
somcation and centrifugation. The foregoing methods, as well as others, are discussed, or 
example, in Canfield et al.. Methods .r, En^molo^, J89MS^22 (1990); El-Gorab et al. 
Biochem. Eiophys. Acta, 306:58-66 (1973); Colloidal Surfactant, Shinoda, K., Nakagana, 
Tamamushi and Isejura, Academic Press, NY (1963) (especially "The Formation of 
Micelles", Shinoda, Chapter 1, pp. 1-88); Catalysis in Micellar and Macromolecular 
Systems, Fendler and Fendler. Academic Press. NY (1975). The disclosures of each of the 
foregoing publications are hereby incorporated herein by reference in their entirety. 
3 m liposomes, the lipid compound(s) may be in the form of a monolayer or bilayer, and 
the monolayer or bilayer lipids may be used to form one or more monolayers or bilayers. 
m the case of more than one monolayer or bilayer, the monolayers or b.layers are 
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20 


25 


30 


generaJly concentric. Thus, lipids may be used to fonn unilamellar liposomes (comprised 
of one monolayer or bilayer), oligolamellar liposomes (comprised of two or three 
monolayers or bilayers) or multilamellar liposomes (comprised of more than three . 

monolayers or bilayers). 

A wide variety of methods are available in comiection with the preparation of vesicles 
including liposomes. Accordingly, liposomes may be prepared using any one of a variety 
of convemional liposomal preparatory techniques which will be apparent to those skilled 
in the art, including, for example, solvent dialysis. French press, extrusion (with or without 
freeze-thaw). reverse phase evaporation, simple freeze-thaw, sonication, chelate dialysis 
homogenization, solvent infiision. microemulsification, spontaneous formation, solvent 
vaporization, solvent dialysis, French pressure cell technique, comroUed detergent 
dialysis, and others, each involving the preparation of the vesicles in various fashions 
See. e.g.. Madden et al.. Chemistry and Physics of Lipids, 53:37-46 (1990), the disclosure 
of which is hereby incorporated herein by reference in its entirety. Suitable freeze-thaw 
techniques are described, for example, in International Application Serial No 
PCT/US89/05040, filed November 8, ,989. the disclosure of which is hereby incorporated 
herem by reference in its entirety. Methods which involve freeze-thaw techniques are 
preferred in comiection with the preparation of liposomes. Preparation of the liposomes 
may be carried out in a solution, such as an aqueous saline solution, aqueous phosphate 
buffer solution, or sterile water. The liposomes may also be prepared by various processes 
wbch involve shaking or vortexing. which may be achieved, for example, by the use of a 
mechanical shaking device, such as a Wig-L-Bug™ (Crescent Dental, Lyons. IL) a 
Mixomat, sold by Degussa AG, Frankfurt. Germany, a Capmix, sold by Espe Fabrik 
Pharmazeutischer Praeparate GMBH & Co., Seefeld, Oberay Gem^any. a Silamat Plus 
sold by Vivadem. Lechtenstein, or a Vibros, sold by Quayle Dental, Sussex, England ' 
Conventional microemulsification equipment, such as a MicrofluidizerTM (Microfluidics. 
Woburn, MA) may also be used. 

Spray dicing may be employed to prepare gas filled vesicles. Utilizing this procedure 
the stabilizing materials, such as lipids, may be pre-mixed in an aqueous enviromnent and 
then spray dried to produce gas filled vesicles. The vesicles may be stored under a 

headspace of a desired gas. 
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Many liposomal preparatory techniques which may be adapted for use in the preparation 
of vesicle compositions are discussed, for example, in U.S. Patent Nos. 4,728,578, 
4,728,575, 4,737,323, 4,533,254, 4,162,282, 4,310,505, and 4,921,706; U.K. Patent 
Application GB 2193095 A; International Application Serial Nos. PCTAJS85/01161 and 
5 PCTAJS89/05040; Mayer et al., Biochimica et Biophysica Acta, 858:161-168 (1986); 
Hope et al., Biochimica et Biophysica Ada, 812:55-65 (1985); Mayhew et al.. Methods in 
Enzymology, 149:64-77 (1987); Mayhew et al., Biochimica et Biophysica Acta, 755:169- 
74 (1984); Cheng et al. Investigative Radiology, 22:47-55 (1987); and Liposome 
Technology, Gregoriadis, G., ed.. Vol. I, pp. 29-31, 51-67 and 79-108 (CRC Press Inc., 
1 0 Boca Raton, FL 1984), the disclosures of each of which are hereby incorporated by 
reference herein in their entirety. 

In connection with stabilizing materials, and especially lipid compositions in the form of 
vesicles, it may be advantageous to prepare the lipid compositions at a temperature below 
the gel to liquid crystalline phase transition temperature of the lipids. This phase 
1 5 transhion temperature is the temperature at which a lipid bilayer will convert from a gel 
state to a liquid crystalline state. See, for example. Chapman et al, J. Biol Chem., 
2-/P:25 12-2521 (1974), the disclosure of which is hereby incorporated by reference herein 
in its entirety. It is generally believed that vesicles which are prepared from lipids that 
possess higher gel state to liquid crystalline state phase transition temperatures tend to 
20 have enhanced impermeability at any given temperature. The main chain melting 
transitions of saturated diacyl-sn-glycero-3-phosphocholines are described by Derek 
Marsh, CRC Handbook of Lipid Bilayers (CRC Press, Boca Raton, FL 1990), at p. 139, 
the disclosure of which is hereby incorporated by reference herein in its entirety. The gel 
state to liquid crystalline state phase transition temperatures of various lipids will be 
25 apparent to one skilled in the art and are described, for example, by Gregoriadis, ed.. 
Liposome Technology, Vol. I, 1-18 (CRC Press, 1984). 

Stabilizing materials, such as lipids, comprising a gas can be prepared by agitating 
an aqueous solution containing, if desired, a stabilizing material, in the presence of a gas. 
The term "agitating" means any shaking motion of an aqueous solution such that gas is 
30 introduced from the local ambient environment into the aqueous solution. This agitation 
preferably conducted at a temperature below the gel to liquid crystalline phase transition 
temperature of the lipid. The shaking involved in the agitation of the solutions is 
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pressure through pores of defined size, and similar methods. Gas filled vesicles prepared 
in accordance with the methods described herein can range in size firom less than about 1 
\xm to greater than about 100 ^im. In addition, after extrusion and sterilization procedures, 
which are discussed in detail below, agitation or shaking provides vesicle compositions 
5 which provide substantially no or minimal residual anhydrous lipid phase in the remainder 
of the solution. (Bangham, A.D„ Standish, M.M, & Watkins, J.C., J. Mol Biol Vol. 13, 
pp. 238-252 (1965). If desired, the vesicles of the present invention may be used as they 
are formed, without any attempt at further modification of the size thereof. For 
intravascular use, the vesicles preferably have diameters of less than about 30 fim, and 
1 0 more preferably, less than about 12 \im. For targeted intravascular use including, for 
example, binding to certain tissue, such as cancerous tissue, the vesicles can be 
significantly smaller, for example, less than about 100 nm in diameter. For enteric or 
gastrointestinal use, the vesicles can be significantly larger, for example, up to a 
millimeter in size. Preferably, the vesicles are sized to have diameters of fi-om about 2 ^m 
15 to about 100 ^m. 

The gas filled vesicles may be sized by a simple process of extrusion through 
filters wherein the fiher pore sizes control the size distribution of the resuhing gas filled 
vesicles. By using two or more cascaded or stacked set of filters, for example, a 10 ^m 
filter followed by an 8 jim filter, the gas filled vesicles can be selected to have a very 
20 narrow size distribution around 7 to 9 ^m. After filtration, these gas filled vesicles can 
remain stable for over 24 hours. 

The sizing or filtration step may be accomplished by the use, for example, of a 
fiher assembly when the composition is removed fi:-om a sterile vial prior to use, or more 
preferably, the filter assembly may be incorporated into a syringe during use. The method 
25 of sizing the vesicles will then comprise using a syringe comprising a barrel, at least one 
filter, and a needle; and will be carried out by an extracrion step which comprises 
extruding the vesicles firom the barrel through the filter fitted to the syringe between the 
barrel and the needle, thereby sizing the vesicles before they are administered to a patient. 
The extraction step may also comprise drawing the vesicles into the syringe, where the 
30 filter will function in the same way to size the vesicles upon entrance into the syringe. 

Another alternative is to fill such a syringe with vesicles which have already been sized by 
some other means, in which case the filter now fimctions to ensure that only vesicles 
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within the desired size range, or of the desired maximum size, are subsequently 
administered by extrusion from the syringe. 

In certain preferred embodiments, the vesicle compositions may be heat sterilized 
or filter sterilized and extnided through a filter prior to shaking. Generally speaking. 
5 vesicle compositions comprising a gas may be heat sterilized, and vesicle compositions 
comprising gaseous precursors may be filter sterilized. Once gas filled vesicles are 
fomed. they may be filtered for sizing as described above. Performing these steps prior to 
the formation of gas and gaseous precursor filled vesicles provide sterile gas filled vesicles 
ready for administration to a patient. For example, a mixing vessel such as a vial or 
10 syringe may be filled with a filtered lipid composition, and the composition may be 

sterilized within the mixing vessel, for example, by autoclaving. Gas may be instilled into 
the composition to form gas filled vesicles by shaking the sterile vessel. Preferably, the 
sterile vessel is equipped with a filter positioned such that the gas filled vesicles pass 
through the filter before contacting a patient. 
15 The step of extruding the solution of lipid compound through a filter decreases the 

amount of unhydrated material by breaking up any dried materials and exposing a greater 
surface area for hydration. Preferably, the filter has a pore size of about 0.1 to about 5 nm 
more preferably, about 0. 1 to about 4 ,m, even more preferably, about 0. 1 to about 2 ^m, 
and st.ll more preferably, about 1 pm. Unhydrated compound, which is generally 
20 undesirable, appears as amorphous clumps of non-uniform size. 

The sterilization step provides a composition that may be readily administered to a 
patient for diagnostic imaging including, for example, ultrasound or CT. In certain 
preferred embodiments, sterilization may be accomplished by heat sterilization, 
preferably, by autoclaving the solution at a temperature of at least about lOO'C and more 
25 preferably, by autoclaving at about lOO'C to about 130»C. even more preferably about 
1 10"C to about 130«C. still more preferably, about 120°C to about no'C. and even more 
preferably, about 130«C. Preferably, heating occurs for at least about 1 minute more 
preferably, about 1 to about 30 minutes, even more preferably, about 10 to about 20 
minutes, and still more preferably, about 1 5 minutes. 
30 If desired, the extrusion and heating steps, as outhned above, may be reversed or 

only one of the two steps can be used. Other modes of sterilization may be used, 
including, for example, exposure to gamma radiation. 
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In addition to the aforementioned embodiments, gaseous precursors contained in 
vesicles can be formulated which, upon activation, for example, by exposure to elevated 
temperature, varying pH, or light, undergo a phase transition from, for example, a liquid, 
including a liquid entrapped in a vesicle, to a gas, expanding to create the gas filled 
5 vesicles described herein. This technique is described in detail in copending patent 
application Serial No. 08/159,687, filed November 30, 1993, and U.S. Patent No. 
5,542,935, the disclosures of which are hereby incorporated herein by reference in their 
entirety. 

The preferred method of activating the gaseous precursor is by exposure to 

10 elevated temperature. Activation or transition temperature, and like terras, refer to the 

boiling point of the gaseous precursor and is the temperature at which the liquid to gaseous 
phase transition of the gaseous precursor takes place. Useful gaseous precursors are. those 
materials which have boiling points in the range of about -lOO^'C to about TO'^C. The 
activation temperature is particular to , each gaseous precursor. An activation temperature 

15 of about 37"C, or about human body temperature, is preferred for gaseous precursors in 
the context of the present invention. Thus, in preferred form, a liquid gaseous precursor is 
activated to become a gas at about 37°C or below. The gaseous precursor may be in 
liquid or gaseous phase for use in the methods of the present invention. 

The methods of preparing the gaseous precursor filled vesicles may be carried out 

20 below the boiling point of the gaseous precursor such that a liquid is incorporated, for 

example, into a vesicle. In addition, the methods may be conducted at the boiling point of 
the gaseous precursor, such that a gas is incorporated, for example, into a vesicle. For 
gaseous precursors having low temperature boiling points, liquid precursors may be 
emulsified using a microfluidizer device chilled to a low temperature. The boiling points 

25 may also be depressed using solvents in liquid media to utilize a precursor in liquid form. 
Further, the methods may be performed where the temperature is increased throughout the 
process, whereby the process starts with a gaseous precursor as a liquid and ends with a 
gas. 

The gaseous precursor may be selected so as to form the gas in situ in the targeted 
30 tissue or fluid, in vivo upon entering the patient or animal, prior to use, during storage, or 
during manufacture. The methods of producing the temperature-activated gaseous 
precursor filled vesicles may be carried out at a temperature below the boiling point of the 
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gaseous precursor. In this embodiment, the gaseous precursor is entrapped within a 
vesicle such that the phase transition does not occur during manufacture. Instead, the 
gaseous precursor filled vesicles are manufactured in the liquid phase of the gaseous 
precursor. Aaivation of the phase transition may take place at any time as the temperature 
5 is allowed to exceed the boiling point of the precursor. Also, knowing the amoum of 
liquid in a droplet of liquid gaseous precursor, the size of the vesicles upon attaining the 
gaseous state may be determined. 

Alternatively, the gaseous precursors may be utilized to create stable gas filled 
vesicles which are pre-formed prior to use. In this embodiment, the gaseous precursor is 
10 added to a container housing a lipid composition at a temperature below the liquid-gaseous 
phase transition temperature of the respective gaseous precursor. As the temperature is 
increased, and an emulsion is formed between the gaseous precursor and liquid solution, 
the gaseous precursor undergoes transition from the liquid to the gaseous state. As a result 
of this heating and gas formation, the gas displaces the air in the head space above the 
1 5 liquid mixture so as to form gas filled vesicles which entrap the gas of the gaseous 

precursor, ambiem gas (e.g. air), or coentrap gas state gaseous precursor and ambient air. 
This phase transition can be used for optimal mixing and fonnation of the contrast agent. 
For example, the gaseous precursor, perfluorobutane, can be emrapped in the lipid vesicles 
and as the temperature is raised beyond the boiling point of perfluorobutane (4"'C), 
20 perfluorobutane gas is entrapped in the vesicles. 

Accordingly, the gaseous precursors may be selected to form gas filled vesicles in 
vivo or may be designed to produce the gas filled vesicles in situ, during the 
manufacturing process, on storage, or at some time prior to use. A water bath, sonicator or 
hydrodynamic activation by pulling back the plunger of a syringe against a closed 

25 stopcock may be used to activate targeted gas filled vesicles from temperature-sensitive 
gaseous precursors prior to IV injection. 

As a fiarther embodiment of this invention, by pre-forming the gaseous precursor in 
the liquid state into an aqueous emulsion, the maximum size of the vesicle may be 
estimated by using the ideal gas law, once the transition to the gaseous state is effectuated. 
30 For the purpose of making gas filled vesicles from gaseous precursors, the gas phase is 
assumed to form instantaneously and substantially no gas in the newly formed vesicle has 
been depleted due to diffusion into the liquid, which is generally aqueous in nature. 
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Hence, from a known liquid volume in the emulsion, one would be able to predict an 
upper limit to the size of the gas filled vesicle. 

In embodiments of the present invention, a mixture of a lipid compound and a 
gaseous precursor, containing liquid droplets of defined size, may be formulated such that 
5 upon reaching a specific temperature, for example, the boiling point of the gaseous 
precursor, the droplets will expand into gas filled vesicles of defined size. The defined 
size represents an upper limit to the actual size because the ideal gas law cannot account 
for such factors as gas diffiision into solution, loss of gas to the atmosphere, and the 
effects of increased pressure. 
10 The ideal gas law, which can be used for calculating the increase in the volume of 

the gas bubbles upon transitioning from liquid to gaseous states, is PV = nRT, where P is 
pressure in atmospheres (atm); V is volume in liters (L); n is moles of gas; T is 
temperature in degrees Kelvin (K); and R is the ideal gas constant (22.4 L-atm/K-mole). 

With knowledge of volume, density, and temperature of the liquid in the mixture 
15 of liquids, the amount, for example, in moles, and volume of liquid precursor may be 
calculated which, when converted to a gas, will expand into a vesicle of known volume. 
The calculated volume will reflect an upper limit to the size of the gas filled vesicle, 
assuming instantaneous expansion into a gas filled vesicle and negligible diffusion of the 
gas over the time of the expansion. 
20 Thus, for stabilization of the precursor in the liquid state in a mixture wherein the 

precursor droplet is spherical, the volume of the precursor droplet may be determined by 
the equation: Volume (spherical vesicle) = 4/3 7ir^ , where r is the radius of the sphere. 

Once the volume is predicted, and knowing the density of the liquid at the desired 
temperature, the amount of liquid gaseous precursor in the droplet may be determined. In 
25 more descriptive terms, the following can be applied: = 4/3 7r(rg„)^ by the ideal gas 
law, PV=nRT, substituting reveals, Vg33 = nRT/Pg„, or, (A) n = 4/3 [m^J] P/RT, where 
amount 

n = 4/3 [nr^^ P/RT]»N4Wn. Converting back to a liquid volume 

(B) Viiq = [4/3 [m^^] P/RT]»MW„/D], where D is the density of the precursor. 
30 Solving for the diameter of the liquid droplet, 

(C) diameier/2 = [3/4k [4/3*[7irg„^] P/RT] MW/D]*^, which reduces to 
Diameter = 2[[t^'] P/RT [MW„/D]]*'^. 
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As a further means of preparing vesicles of the desired si.e f • 
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normal freezing point of the solvent. ^ ^^.^^ 

If V is sma^l relative to x„ men 
obtained by solving the equation. If x. sm ^^^^ ^ 

be rewritten as: = AH^/R[T - T/T.Tl = « ^ 

10 This equation can be simphfiedturtne y f thus, the equation 
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displacing other vesicles in the vessel and '''"^'''"^ 
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vesicles can involve shaking an 
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Hen.. .H 8a=»ou. precursor 
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R,CH.CH,0).COa.UG.NH.-R^CH,CH.0).C0NH-UG 
R/OCH.CH0.COa.UO-OH-WCH,CH.O).CO,-L.G 
K^.»,,OCH,CHASH.UG-SH-R^=CH,(OCH,CH0.SS.UO 

R^0,C1 + UG.NH,-1^0,NH-UG 

UG^r.l^H.CH,(OCH.CH0.SH-R^H,CH,(OCH,CH0.S.UG 

LIG-Br + R/;H + B«J,SoH - IM:H,CH,-UG 
R^OCl + UCNH, - R^ONH-LIG 
R,NCO + LIG-NH, - RfNCONH-LIG 

,0 UG-C„O.K<C„.C„,WN„=-^.C„,«^^ 

(RP1,CH,(OCH,CHOO(R/;0)N-UG 

P„we,hy,e„= gly-l —8 ftagm=«s, .ha. «v be u..d in .he above sche=,« 
Poiyeinyicnc g y >jt4«;-PEG-MAL, methoxy-PEG- 

1 Tier"? MH*; ester ■NHS-PEG-VS, ISHs-rE.«J lyu^, 

15 methoxy-PEG-Tres,ft-u urc!>;2. cpa pfg fSPAVPEG, 

ppr fCDn mPEG-Gly-OSu. mPEG-NLe-OSu, methoxy-SPA-PEG, (SPA), . 
PEG-(^l^i)2. vj»j . cKoarwater Polvmers, Inc. 

K PEG (SS^,-PEG all of which are available from Shearwater Poiym , 

methoxy-SS-PEGA^2»h '^^•'^ where the fragments 

mU.S.Palen.Niis, 4,572,203, 4,/ , ™tiretv Included 

each of »Mch a,= hereby mcon=ora..d herein by reference ,n .he,r ».,re.y. In 
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flow rates may range from about 50 mL/min to about 1000 mL/min, and all 
combinations and subcombinations of ranges therein. Residence times in the sonication 
vessel can range from about 1 second to about 4 minutes, and gaseous fluid addition 
rates may range from about 10 cubic centimeters (cc) per minute to about 100 cc/min, 
5 or 5% to 25% of the feed flow rate, and all combinations and subcombinations of 
ranges therein. 

It may be preferable to carry out the sonication in such a manner to produce 
foaming, and especially intense foaming, of the solution. Generally speaking, intense 
foaming and aerosolating are important for obtaining a contrast agent having enhanced 

10 concentration and stability. To promote foaming, the power input to the sonicator horn 
may be increased, and the process may be operated under mild pressure, for example, 
about 1 to about 5 psi. Foaming may be easily detected by the cloudy appearance of 
the solution, and by the foam produced. 

Suitable methods for the preparation of protein-based vesicles may also involve 

15 physically or chemically altering the protein or protein derivative in aqueous solution to 
denature or fix the material. For example, protein-based vesicles may be prepared from 
a 5% aqueous solution of HSA by heating after formation or during formation of the 
contrast agent via sonication. Chemical alteration may involve chemically denaturing or 
fixing by binding the protein with a difunctional aldehyde, such as gluteraldehyde. For 

20 example, the vesicles may be reacted with 0.25 grams of 50% aqueous gluteradehyde 
per gram of protein at pH 4.5 for 6 hours. The unreacted gluteraldehyde may then be 
washed away from the protein. 

In any of the techniques described above for the preparation of protein-based 
vesicles, the prodrugs and/or targeting ligands may be incorporated with the proteins 

25 before, during or after formation of the vesicles, as would be apparent to one of 
ordinary skill in the art, based on the present disclosure. 

Vesicle compositions which comprise vesicles formulated from polymers may be 
prepared by various processes, as will be readily apparent to one skilled in the art, in 
view of the present disclosure. Exemplary processes include, for example, interfacial 

30 polymerization, phase separation and coacervation, multiorifice centrifugal preparation, 
and solvent evaporation. Suitable procedures which may be employed or modified in 
accordance with the present disclosure to prepare vesicles from polymers include those 
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procedures described in U.S. Patent Nos. 4.179,546, 3,945,956, 4,108,806, 3.293.114, 
3.401,475. 3,488,714, 4.549.892 4.420,442, 4.421,562. 4,898,734. 3,732.172. 3,594 3^6 
3,015.128. 3,479,81 1, 3,615,972, 4.540.629, and 4,822,534. Japan Kokai Tokkyo Koho 
62 286534, British Patent No. 1,044.680. Deasy, Microencapsulation and Related Drug 
i Processes, Vol. 20, Chs. 9 and 10, pp. 195-240 (Marcel Dekker, Inc., N.Y.. 1984). 
Chang et al., Canadian J. of Physiology and Pharmacology, 44:1 15-129 (1966), a^d 
Chang, Science, 146:524-525 (1964), the disclosures of each of which are hereby 
incoiporated herein by reference in their entirety. 

In accordance with a preferred synthesis protocol, the vesicles may be prepared 
using a heat expansion process, such as, for example, the process described in U S 
Patent Nos. 4,179,546, 3,945,956, and 4,108,806, British Patent No. 1,044,680 and 
Japan Kokai Tokkyo Koho 62 286534: In general tem«, the heat expansion process 
may be earned out by preparing vesicles of an expandable polymer or copolymer which 
may contain in their void (cavity) a volatile liquid (gaseous precursor). The vesicle is 
then heated, plasticising the vesicle and converting the volatile liquid into a gas, causing 
the vesicle to expand to up to about several times its original size. When the heat is 
removed, the thermoplastic polymer retains at least some of its expanded shape. 
Vesicles produced by this process tend to be of particularly low density, and are thus 
preferred. The foregoing described process is well known in the an, and may be 
referred to as the heat expansion process for preparing low density vesicles. 

Polymers useful in the heat expansion process will be readily apparent to those 
skilled in the art and include themioplastic polymers or copolymers, including polymers 
or copolymers of many of the monomers described above. Preferable of the polymers 
and copolymers described above include the following copolymers: polyvinylidene- 
polyacn^lo-nitrile, polyvinylidene-polyaoylonitrile-polymethybnethacryrlate. and 
polystyrene-polyacrylonitrile. A most preferred copolymer is polyvinylidene- 
polyacrylonitrile. 

Volatile liquids uselul in the heat expansion process will also be well known to 
those skilled in the art and include: aliphatic hydrocarbons such as ethane, ethylene, 
propane, propene, butane, isobutane. neopentane. acetylene, hexane. heptane- 
chlorofluorocarbons such as CCI3F. CCI3F3. CCIF3, CC1F,-CC1,F, chloroheptafluoro- 
cyclobutane, and 1,2-dichlorohexafluorocyclobutane; tetraalkyl silanes. such as 
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tetraiBethyl silane, trimethylethyl silane, trimethylisopropyl silane, and trimethyl n-propyl 
silane- as well as perfluorocarbons, including the perfluorocarbons described above. In 
general it is important that the volatile liquid not be a solvent for the polymer or 
copolymer being utilized. It is also preferred that the volatile liquid have a boiling pomt 
5 that is below the softening point of the involved polymer or copolymer. Boiling pomts of 
various volatile liquids and softening points of various polymers and copolymers w.U be 
readily ascertainable to one skilled in the art, and suitable combinations of polymers or 
copolymers and volatile liquids will be easily apparent to the skilled artisan. By way of 
guidance, and as one skilled in the art would recognize, generally as the length of the 
,0 carbon chain of the volatile liquid increases, the boiling point of that liquid increases also. 
Also mildly preheating the vesicles in water in the presence of hydrogen peroxide pnor to 
definitive heating and expansion may pre-soften the vesicle to allow expansion to occur 
more readily. 

For example, to produce vesicles from synthetic polymers, vinylidene and 
15 acrylonitrile may be copolymerized in a medium of isobutane liquid using one or more of 
the foregoing modified or unmodified literature procedures, such that isobutane becomes 
entrapped within the vesicles. When such vesicles are then heated to a temperature of 
from about 80«C to about 120'C. the isobutane gas expands, which in turn expands the 
vesicles After heat is removed, the expanded polyvinylidene and acrylonitrile copolymer 
.0 vesicles remain substantially fixed in their expanded position. The resulting low density 
vesicles are extremely stable both dry and suspended in an aqueous media. Isobutane is 
utilized herein merely as an illustrative liquid, with the understanding that other liquids 
which undergo liquid/gas transitions at temperatures usefiil for the synthesis of these 
vesicles and formation of the very low density vesicles upon heating can be substituted for 
25 isobutane. Similarly, monomers other than vinylidene and acrylonitrile may be employed 

in preparing the vesicles. 

In certain preferred embodiments, the vesicles which are fonnulated from synthetic 
polymers and which may be employed in the methods of the present invention are 
commercially available from Expancel, Nobel Industries (Sundsvall, Sweden), including 
30 EXPANCEL 551 DE- microspheres. The EXPANCEL 551 DE™ microspheres are 
composed of a copolymer of vinylidene and acrylonitrile which have encapsulated therem 
isobutane liquid. Such microspheres are sold as a dry composition and are approximately 
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50 microns in size. The EXPANCEL 551 DE™ microspheres have a specific gravity of 
only 0.02 to 0.05, which is between one-fiftieth and one-twentieth the density of water. 

In any of the techniques described above for the preparation of polymer-based 
vesicles, the prodrugs and/or targeting ligands may be incorporated with the polymers 
before, during or after formation of the vesicles, as would be apparem to one of ordinary 
skill in the art, based on the present disclosure. 

As with the preparation of stabilizing materials and/or vesicles, a wide variety of 
techniques are available for the preparation of stabilizing materials comprising bioactive 
agents (which includes prodrugs and targeting ligands). For example, the stabilizing 
materials and/or vesicle compositions may be prepared from a mixture of lipid 
compounds, bioactive agents and gas or gaseous precursor. In this case, lipid 
compositions are prepared as described above in which the compositions also comprise 
bioactive agents. Thus, for example, micelles can be prepared in the presence of a 
bioactive agent. In comiection with lipid compositions which comprise a gas, the 
preparation can involve, for example, bubbling a gas directly imo a mixture of the lipid 
compounds and one or more additional materials. Alternatively, the lipid compositions 
may be preformed from lipid compounds and gas or gaseous precursor. In the latter case, 
the bioactive agent is then added to the lipid composition prior to use. For example, an ' 
aqueous mixture of liposomes and gas may be prepared to which the bioactive agent is 
added and which is agitated to provide the liposome composition. The liposome 
composition can be readily isolated since the gas and/or bioactive agem filled liposome 
vesicles generally float to the top of the aqueous solution. Excess bioactive agent can be 
recovered from the remaining aqueous solution. 

As one skilled in the art will recognize, any of the stabilizing materials and/or 
vesicle compositions may be iyophilized for storage, and reconstituted or rehydrated, for 
example, with an aqueous medium (such as sterile water, phosphate buffered solution, or 
aqueous saline solution), with the aid of vigorous agitation. Lyophilized preparations' 
generally have the advantage of greater shelf life. To prevem agglutination or fijsion of 
the lipids and/or vesicles as a result of lyophilization, it may be usefi,! to include additives 
which prevem such fusion or agglutination from occurring. Additives which may be 
useful include sorbitol, mamiitol, sodium chloride, glucose, trehalose, polyvinyl- 
pyrrolidone and poly(ethylene glycol) (PEG), for example, PEG 400. These and other 
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additives are described in the literature, such as in the.U.S. Pharmacopeia, USP XXII, NF 
XVII, The United States Pharmacopeia, The National Formulary, United States 
Pharmacopeial Convention Inc., 12601 Twinbrook Parkway,. Rockville, MD 20852, the 
disclosure of which is hereby incorporated herein by reference in its entirety. 
5 . The concentration of lipid required to form a desired stabilized vesicle level will 

vary depending upon the type of lipid used, and may be readily determined by routine 
experimentation. For example, in preferred embodiments, the concentration of 1,2- 
dipalmitoylphosphatidylcholine (DPPC) used to form stabilized vesicles according to the 
methods of the present invention is about 0.1 mg/ml to about 30 mg/ml of saline solution, 
10 more preferably from about 0.5 mg/ml to about 20 mg/ml of saline solution, and most 

preferably from about 1 mg/ml to about 10 mg/ml of saline solution. The concentration of 
distearoylphosphatidylcholine (DSPC) used in preferred embodiments is about 0.1 mg/ml 
to about 30 rag/ml of saline solution, more preferably from about 0.5 mg/ml to about 20 
mg/ml of saline solution, and most preferably from about 1 mg/ml to about 10 mg/ml of 
15 saline solution. The amount of composition which is administered to a patient can vary. 
Typically, the intravenous dose may be less than about 10 mL for a 70 Kg patient, with 
lower doses being preferred. 

Another embodiment of preparing a targeted therapeutic prodrug composition 
comprises combining at least one biocompatible lipid and a gaseous precursor; agitating 
20 until gas filled vesicles are formed; adding a prodrug and/or targeting ligand to the gas 
filled vesicles such that the prodrug and/or targeting ligand binds to the gas filled vesicle 
by a covalent bond or non-covalent bond; and agitating until a delivery vehicle comprising 
gas filled vesicles and a prodrug and/or targeting ligand result. Rather than agitating until 
gas filled vesicles are formed before adding the prodrug and/or targeting ligand, the 
25 gaseous precursor may remain a gaseous precursor until the time of use. That is, the 

gaseous precursor is used to prepare the delivery vehicle and the precursor is activated in 
vivo, by temperature for example. 

Alternatively, a method of preparing targeted therapeutic prodrug compositions 
may comprise combining at least one biocompatible lipid and a prodrug and/or targeting 
30 ligand such that the prodrug and/or targeting ligand binds to the lipid by a covalent bond 
or non-covalent bond, adding a gaseous precursor and agitating until a delivery vehicle 
comprising gas-filled vesicles and a prodrug and/or targeting ligand result. In addition, 
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be used to delect the sound of the bursting of the gas filled vesicles and modulate drug 
delivery. 

The delivery of bioactive agents from the stabilizing materials of the present invention 
using ultrasound is best accomplished for tissues which have a good acoustic window 
5 for the transmission of ultrasonic energy. This is the case for most tissues in the body 
such as muscle, the heart, the liver and most other vital structures. In the brain, in 
order to direct the ultrasonic energy past the skull a surgical window may be necessary. 

Further, the gas filled vesicles of the invention are especially useful for bioactive 
agents that may be degraded in aqueous media or upon exposure to oxygen and/or 

10 atmospheric air. For example, the vesicles may be filled with an inert gas such as 
nitrogen or argon, for use with labile bioactive agents. Additionally, the gas filled 
vesicles may be filled with an inert gas and used to encapsulate a labile bioactive agent 
for use in a region of a patient that would normally cause the bioactive agent to be 
exposed to atmospheric air, such as cutaneous and ophthalmic applications. 

15 The invention is useful in delivering bioactive agents to a patient's lungs. For 

pulmonary applications of the prodrugs, dried or lyophilized powdered liposomes may 
be administered via inhaler. Aqueous suspensions of liposomes or micelles, preferably 
gas/gaseous precursor filled, may be administered via nebulization. Gas filled liposomes 
of the present invention are lighter than, for example, cpnventional liquid filled 

20 liposomes which generally deposit in the central proximal airway rather than reaching 
the periphery of the lungs. It is therefore believed that the gas filled liposomes of the 
present invention may improve delivery of a bioactive agent to the periphery of the 
lungs, including the terminal airways and the alveoli. For application to the lungs, the 
gas filled liposomes may be applied through nebulization. 

25 In applications such as the targeting of the lungs, which are lined with lipids, the 
bioactive agent may be released upon aggregation of the gas filled liposomes with the 
lipids lining the targeted tissue. Additionally, the gas filled liposomes may burst after 
administration without the use of ultrasound. Thus, ultrasound need not be applied to 
release the drug in the above type of administration. 

30 For vascular administration the prodrugs are generally injected into the venous system 
as a formulation vehicle, e.g. preferably gas or gaseous precursor containing liposomes. 
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Society of Echocardiography, Vol. 7(5), pp. 441-458 (1994), the disclosures of each of 
which are hereby incorporated herein by reference in their entirety. 

Ultrasound can be used for both diagnostic and therapeutic purposes. In diagnostic 
ultrasound, ultrasound waves or a train of pulses of ultrasound may be applied with a 
5 transducer. The ultrasound is generally pulsed rather than continuous, although it may 
be continuous, if desired. Thus, diagnostic ultrasound generally involves the application 
of a pulse of echoes, after which, during a listening period, the ultrasound transducer 
receives reflected signals. Harmonics, ultrahaimonics or subharmonics may be used. 
The second harmonic mode may be beneficially employed, in which the 2x frequency is 

10 received, where x is the incidental frequency. This may serve to decrease the signal 
from the background material and enhance the signal from the transducer using the 
targeted contrast media of the present invention which may be targeted to the desired 
site, for example, blood clots. Other harmonic signals, such as odd harmonics signals, 
for example, 3x or 5x, would be similarly received using this method. Subharmonic 

15 signals, for example, x/2 and x/3, may also be received and processed so as to fohn an 
image. 

In addition to the pulsed method, continuous wave ultrasound, for example, Power 
Doppler, may be applied. This may be particularly useful where rigid vesicles, for 
example, vesicles formulated from polymethyl methacrylate, are employed. In this case, 

20 the relatively higher energy of the Power Doppler may be made to resonate the vesicles 
and thereby promote their rupture. This can create acoustic emissions which may be in 
the subharmonic or ultraharmonic range or, in some cases, in the same frequency as the 
applied ultrasound. It is contemplated that there will be a spectrum of acoustic 
signatures released in this process and the transducer so employed may receive the 

25 acoustic emissions to detect, for example, the presence of a clot. In addition, the 

process of vesicle rupture may be employed to transfer kinetic energy to the surface, for 
example of a clot to promote clot lysis. Thus, therapeutic thrombolysis may be 
achieved during a combination of diagnostic and therapeutic ultrasound. Spectral 
Doppler may also be employed. In general, the levels of energy from diagnostic 

30 ultrasound are insufficient to promote the rupture of vesicles and to facilitate release 
and cellular uptake of the bioactive agents. As noted above, diagnostic ultrasound may 
involve the application of one or more pulses of sound. Pauses between pulses permits 
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the reflected sonic signals to be received and analyzed. The limited number of pulses 
used in diagnostic ultrasound limits the effective energy which is delivered to the tissue 
that is being studied 

Higher energy ultrasound, for example, ultrasound which is generated by therapeutic 
ultrasound equipment, is generally capable of causing rupture of the vesicle 
composition. In general, devices for therapeutic ultrasound employ from about 10 to 
about 100% duty cycles, depending on the area of tissue to be treated with the 
ultrasound. Areas of the body which are generally characterized by larger amounts of 
muscle mass, for example, backs and thighs, as well as highly vascularized tissues, such 
as heart tissue, may require a larger duty cycle, for example, up to about 100%. 

In therapeutic ultrasound, continuous wave ultrasound is used to deliver higher energy 
levels. For the rupture of vesicles, continuous wave ultrasound is preferred, although 
the sound energy may also be pulsed. If pulsed sound energy is used, the sound will 
generally be pulsed in echo train lengths of from about 8 to about 20 or more pulses at 
a iunc. Preferably, the echo train lengths are about 20 pulses at a time. In addition 
the frequency of the sound used may vary from about 0.025 to about 100 megahertz' 
(MHz). In general, frequency for therapeutic ultrasound preferably ranges between 
about 0.75 and about 3 MHz, with from about 1 and about 2 MHz being more 
prefeired. In addition, energy levels may vaiy from about 0.5 Watt (W) per square 
cennmeter (cm^) to about 5.0 WW. with energy levels of from about 0.5 to about 2.5 
W/cm= being preferred. Energy levels for therapeutic ultrasound involving 
hyperthennia are generally from about 5 W/cm= to about 50 W/cml For very small 
ves,cies. for example, vesicles having a diameter of less than about 0.5 pm higher 
frequences of sound are generally preferred because smaller vesicles are capable of 
absorbing sonic energy more effectively at higher frequencies of sound. When very 
hrgh frequencies are used, for example, greater than about 10 MHz, the sonic energy 
W.11 generally penetrate fluids and tissues to a limited depth only. Thus, exterrral 
apphcatron of the sonic energy may be suitable for skin and other superficial tissues 
However, it is generally necessary for deep structures to focus the ultrasonic energy so 
that u rs preferentrally directed within a focal zone. Alternatively, the ultrasonic energy 
may be apphed via interstitial probes, intravascular ultrasound catheters or endoluminal 
catheters. Such probes or catheters may be used, for example, in the esophagus for the 
d.agnosrs and/or treatment of esophageal carcinoma In addition to the therapeutic uses 
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discussed above, the present compositions can be employed in connection with 
esophageal carcinoma or in the coronary arteries for the treatment of atherosclerosis, as 
well as the therapeutic uses described, for example, in U.S. Patent No. 5,149,319, the 
disclosure of which is hereby incorporated by reference herein in its entirety. 
5 A therapeutic ultrasound device may be used which employs two frequencies of 
ultrasound. The first frequency may be x, and the second frequency may be 2x. In 
preferred form, the device would be designed such that the focal zones of the first and 
second frequencies converge to a single focal zone. The focal zone of the device may 
then be directed to the targeted compositions, for example, targeted vesicle 

10 compositions, within the targeted tissue. This ultrasound de\nce may provide second 
harmonic therapy with simultaneous application of the x and 2x frequencies of 
ultrasound energy. It is contemplated that, in the case of ultrasound involving vesicles, 
this second harmonic therapy may provide improved rupturing of vesicles as compared 
to ultrasound energy involving a single frequency. Also, it is contemplated that the 

1 5 preferred frequency range may reside within the fundamental harmonic frequencies of 
the vesicles. Lower energy may also be used with this device. An ultrasoimd device 
which may be employed in connection with the aforementioned second harmonic 
therapy is described, for example, by Kawabata, et al., Ultrasonics Sonochemistry, 3:1-5 
(1996), the disclosure of which is hereby incorporated by reference herein in its 

20 entirety. 

For use in ultrasonic imaging, preferably, the vesicles of the invention possess a 
reflectivity of greater than 2 dB, more preferably between about 4 dB and about 20 dB. 
Within these ranges, the highest reflectivity for the vesicles of the invention is exhibited 
by the larger vesicles, by higher concentrations of vesicles, and/or when higher 

25 ultrasound frequencies are employed. 

For therapeutic drug delivery, the rupturing of the prodrug containing vesicle 
compositions and/or liposomes of the invention is surprisingly easily carried out by 
applying ultrasound of a certain frequency to the region of the patient where therapy is 
desired, after the liposomes have been administered to or have otherwise reached that 

30 region, e.g,, via delivery with targeting ligands. Specifically, it has been unexpectedly 
found that when ultrasound is applied at a frequency corresponding to the peak resonant 
frequency of the prodrug containing gas filled vesicles, the vesicles will rupture and 
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release their contents. The peak resonant frequency can be determined either in vivo or 
in vitro, but preferably in vivo, by exposing the stabilizing materials or vesicles, 
including liposomes, to ultrasound receiving the reflected resonant frequency signals 
and analyzing the spectrum of signals received to determine the peak, usmg 
conventional means. The peak, as so determined, coiresponds to the peak resonant 
frequency, or second harmonic, as it is sometimes termed. 

Preferably, the stabilizing materials and/or vesicle compositions of the invention have 
a peak resonant frequency of between about 0.5 MHz and about 10 MHz. Of course, 
the peak resonant frequency of the gas filled vesicles of the invention will vary 
depending on the outside diameter and, to some extent, the elasticity or flexibility of the 
liposomes, with the larger and more elastic or flexible liposomes having a lower 
resonant frequency than the smaller and less elastic or flexible vesicles. 

The prodrug containing gas filled vesicles will also rupture when exposed to non-peak 
resonant frequency ultrasound in combination with a higher intensity (wattage) and 
duration (time). This higher energy, however, results in greatly increased heating, 
which may not be desirable. By adjusting the frequency of the energy to match the 
peak resonant frequency, the efficiency of rupture and prodrug and/or bioactive agent 
release is improved, appreciable tissue heating does not generally occur (frequently no 
increase in temperature above about 2°C), and less overall energy is required. Thus, 
application of ultrasound at the peak resonant frequency, while not required, is most' 
preferred. 

For diagnostic or therapeutic ultrasound, any of the various types of diagnostic 
ultrasound imaging devices may be employed in the practice of the invention, the 
particular type or model of the device not being critical to the method of the invention 
Also suitable are devices designed for administering ultrasonic hyperthermia, such 
devices being described in U.S. Patent Nos. 4,620,546, 4,658,828, and 4,586,512 the 
disclosures of each of which are hereby incorporated herein by reference in their 
entirety. Preferably, the device employs a resonant frequency (RF) spectral analyzer 
The transducer probes may be applied externally or may be implanted. Ultrasound is 
generally initiated at lower intensity and duration, and then intensity, time, and/or 
resonant frequency increased until the vesicle is visualized on ultrasound (for diagnostic 
ultrasound applications) or ruptures (for therapeutic ultrasound applications) 
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provided to treat malignant melanoma; mterleukin-2 may be provided to treat 
neuroblastoma, malignant melanoma, or kidney cancer; interleukin-4 may be provided 
to treat cancer; HIV env may be provided to treat HIV infection; antisense ras/p53 may 
be provided to treat lung cancer, and Factor VIII may be provided to treat Hemophilia 
5 B. See, for example, Science 258, 744-746 

A gas filled vesicle filled with oxygen gas should create extensive free radicals 
with cavitation. Also, metal ions from the transition series, especially manganese, iron 
and copper can increase the rate of fonnation of reactive oxygen intermediates from 
oxygen. By encapsulating metal ions within the vesicles, the formation of free radicals 
1 0 in vivo can be increased. These metal ions may be incorporated into the liposomes as 
free salts, as complexes, e.g., with EDTA, DTPA, DOTA or desferrioxamine, or as 
oxides of the metal ions. Additionally, derivatized complexes of the metal ions may be 
bound to lipid head groups, or lipophilic complexes of the ions may be incorporated 
into a lipid bilayer, for example. When exposed to thermal stimulation, e.g., cavitation, 
1 5 these metal ions then will increase the rate of formation of reactive oxygen 

intermediates. Further, radiosensitizers such as metronidazole and misonidazole may be 
incorporated into the gas filled vesicles to create free radicals on thermal stimulation. 

By way of an example of the use of the prodrugs of the present invention, an 
acylaled chemical group may be bound to the bioactive agent via an ester linkage which 
20 would readily cleave in vivo by enzymatic action in serum. The acylated prodrug is 
incorporated into the gas filled vesicle of the invention. As an embodiment of the 
present invention, the prodrug is delivered to the appropriate tissue or receptor via a 
targeting ligand. Upon reaching the desired tissue or receptor, the gas filled vesicle is 
ruptured or popped by the sonic pulse from the ultrasound, and the prodrug 
25 encapsulated by the vesicle is then exposed to the serum. The ester linkage is then 
cleaved by esterases in the serum, thereby generating the drug. However, it is not 
necessary for the bioactive agent to be cleaved from the acylated chemical group and 
ester linkage in order for the bioactive agent to be therapeutically effective. In other 
words, the prodrug may retain the bioactivity of the bioactive agent. 
30 Similarly, ultrasound may be utilized not only to rupture the gas filled vesicle, 

but also to cause thermal effects which may increase the rate of the chemical cleavage 
and the release of the active bioactive agent from the prodrug (e.^., release of the 
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d«ec,ea «hy. .f d.si,=d. cl.s,osraphy can be used in conj^ncion 
„to imaging »chmques, ^d. " MW »Bd uteawund. 

n. invmion is toher de™,.ua,ed in fl.e follo«iBg examples, Ex-P'^ > • ' 
5 and U a« ac.ua. examples; Example 10 is bo* acual (in pan) and prophenc (m p^ 
: Hxamp,es..Mand,aa,e.opbe.cexamples. Tbe examples ..e fo.p..oses of ■ 
„.s.a,ion on., and a,e no, imended .0 limi. *e scop, of *e present mvenuon. 

'"tle^a^one. d=xa.c,l,3Sone-Z.-ace,a« and dexame^asone sodiun. pl,ospba« 
,„ ...^1 m.ed .,o p»nn„..a,bo„s (e.g., pe.n„open.ane, pe.no,*»ane, 
: pernuLhcrs (e.g., perfl»orome^y.bn.yl e*«). Ue miximes wc,. ™a e a. 
: l^asone conc«,.a,ions ofC, mg/m.. 0.. mg/m., 1.0 ^r., 1.5 mg/n>. ^d .0 

I Ana.ysis indicated .ha, no dissotoUon of dexan,eftasone, dexame*asone-2.- 
mg/ml. Analysis inoica i„ „„ of the oertluorocarbons or 

ace.a.e or dexamethasone sodium phosphate v,as seen m any of .he per 
,5 "nuoroeUrers a. .y coneen„a.ion. In panicu.ar. opHca. microscopy showed U,a. *e 
" C-hasone samples formed .rrcgularctys^s^hich did no, s.abi,i.e,n *e^,c^^ 

perfluorocarbons or pemuoroerhers, b„. precipiuied ou.. Sonica.,on deceased .h s « 
of ,he crys^ls, bu. even .he sm.l c.st.s, such as those sm..er *an ,0 ^m. .sett.ed 

out. 

20 Example 2 

A part.* fluonna,ed carboxylic acid, of the formuia HOOC.(CHA.(CFJ.-CF. 
prepared by hydrol^tion and ox,da„on of PEG-Telomer B 
PEG-Telomer B is. generally, a compound of Ae formula C.F,.,CH,CH,(OCH,fflJ,- 
OH where „ is an imeger of from abou. 6 .0 about 12. Thereafter, the compound of the 
.5 formula HOOC-(CHA-(CF0.-CF, 0.7 g, dexamethasone 0.4 g, and N.N- 

dimchylanjnopyndine 50 mg were dissolved in 30 nj cUorofon^ and added ,„ a 
solurion of dicydohexylcarbodiimide 0.21 g .n chloroform 10 ml while snrnng at 0-5 
for S hours. 5 ml of 1% acet,c acid was added and stirred for one hour, *en the water 
layer was sep^ated out. and washed with water again The organic layer was dried over 
30 anhydrous sodium sulfa,e, and then the organic solven. was evaporared on a 
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rotaevaporator. The residue was redissolved i. acetonitrile. the precipitate was filtered 
out, and the solution was evaporated on an evaporator to dryness. A white solid was 
obtan^ed and was recxystallized from methanol, resulting in a fluorinated prodrug of 
dexamethaspne of the formula: 


CH2-— 0 — C— (CH2)4-- (CF2)8^CF3 


0 = C 



Example 3 

A partially fluorinated carboxylic acid, of the formula 
H00C-(CHJHCF,),CF3 was prepared by hydrolzyzation and oxidation of PEG-Telomer 
B (DuPont Company). Thereafter, the compound of the formula HOOC-(CH, V(CFA- 

0.7 8 ^phcricb B 0,92 ^ „d N,N.dtae,hy,.^„op^di„e 50 ™g were di«o^ed i„ 30 
cMorofon., .aded ,o a »,„,i„„ of dic„e.,„«de O.J.g in chlorota 
iO wh, e strtng a, room ,e.pe™„e for 8 hours. 5 -J of,-/, acetic add was added 
and s„„ed ,o, o„ hour, ,he„ ,h= wa.er ,ayer wa. separated ou, and washed wiU, warer 

a,a.„. ^"'«-'%erwasdHedovera,*ydroussod™su,ft,e,^d,he„4eor8a»c 
so ve„, was evaporated o„ a ro.aevapor.,„r. The residue was redissolved i„ ace.o,.,«e 
he prec,p.,a,e was flhered ou,, and ,he so,u,io„ was evaporated o, an evaporator to ' 
d,yness.n,e residue is redissolved in a n,inin,„,n „f ____ ^ 

lyophilizer. Tie produa n,ay be funher purified through ethane, rec^stali^on 
■■0 In the resulting product, the fluoHnated antphiphilic moiety (in this case for 

.he anhydrtde (n,ar.ed as or at an ester ,n,ar.ed as No ,in,.„g group is re,uired 
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Example 4 0 4 e of adriamycin 

(.o^orubici.) is s.b*.ed r« .he »ph«enc,„B Tl.. tak, ) 

U.ea^P**.o>e...*. — 

. phenolic Hog -OH of adria^y™ -,.g m o»d.ed carbo^y 

(U) as a. es,=r l*g= itaougb an -OH of ,he sugar n,o,e,v of*. dn.g. 


0 OH 


10 



CH30 


0 OH 0 


I NHz 
HO 
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Example 5 


10 


Example 6 * 


dichloroethane. Triphoseene rn 9 ml „f ,iw v'.imioi 

solvents. The resulting may can have an anhydride linkage m.r u 

. y ''"kage (1) or a carbamyl linkage (2). 

(') I 

glu-cys-C(NH,)-C(=0)-0-C(=0HCHJ,-(CFA-CF3 

or 

glu-cys-g]y 

glu-cys-C(=0)-N-0-C(=0)-CHA-(CF,VCF3 


(2) 


Example 7 

30 A. Preparation of a fluorinated phospholipid rnoiery 
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The fluorinaied amphiphilic moiety of formula (II) can be prepared readily 
using standard organic synthetic methodology well known to one of ordinary sldll in the 
art. Suitable methods for preparing fluorinated amphiphilic compounds are described, for 


10 


15 


example, by Santaella et al, New Journal of Chemistry, 15:685 (1991), the disclosure of 
which is hereby incorporated by reference herein in its entirety. Exemplary of the 
available methods for preparing fluorinated amphiphilic compounds are synthetic methods 
based on the phosphorylation of l,2-di-(F-alkylacyl)-3-glycerol derivatives. These 
methods can be utilized in the preparation of perfluoroalkyl phosphatidylcholines, and 
particularly perfluoroalkyl phospbatidyletbanolamines, and are described, for example, by 
Santaella, supra. Such methods involve linear phosphorylating agents, including the Hirt 
and Berchtold reagent (2-bromoethyldichlorophosphate (hereafter "BEDP")), which is 
readily available in large quantities. Hirt et al, Pharm. Acta. Helv., 33:349 (1958). BEDP 
is highly reactive and can be used to phosphorylate sterically hindered disubstituted 
glycerols. Hansen et al. Lipids, 17:453 (1982). The ammonium group can be introduced 
by reaction of an appropriate amine with the l,2-diacylglycero-3-(2-bromoethyl)phosphate 
intermediate to give the desired phosphatidylethanolamine derivatives. This synthetic 
methodology is depicted in the following reaction scheme. 


CnF2rvi (CHj)-, 


I C(0)0 

, C(0)0 



(IX) 


H2, Pd/C 
THF 


C nF2mi (CH2)n, C(0)0 — , 

C nF2n*i (CHz)^ C(0)0— 


(X) 


' — OH 


1) BrC2H40P{0)Cb, NEI3 
„ 2) H2O 


3) NMea, Ag2C03 



C(0)0 — I 
C(0)0 — 


(XI) 


' 0P(02")0 (CH2)2 N(CH3)3 


10 
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In the above compounds, m is 7 and n is 6 Gener«ii„ • 

/vTx . ^ o"" n IS 0. oenerally, in compounds (IX) (X) anH 

''2-d'-^"bsmuted-3-benzyIglycerol denvauv« 
synthesized in high yields (85 to 90"/^ hv , • ^ '"^^'^ 

. ^ as to 90/„) by acylatjon of l-benzylglycerol with tf,. 
coirespondmg perfluoroaUcanoyl halides Pror a; „ . . ^ ^ ^>th the 

preferred to avoid transesterification of the I 2 1 ' '"^'"'^ '"^^ 
more them.odynamically stable 1 37'^V''-^^^^'^^y-°' ^^-^a (IX) into the 
can be mo.Wd by '^^^'^'^"^^ hydrogenolysis reason 

mtored by ordinary analytical techniques, including, for examole thin l 
15 chromatography (TLC) and proton Cm nn.i B' example, thm layer 

■ ^ ° ^ ""'^^ear magnetic resonance (NMR^ rh. 

reacfon is generally complete ,n about one hour with little n 
The hydrogenolysis reaction r u, ^'"^ °^ "° ^^««erification. 

6 noiysis reaction is preferably conducted in THF because th. ct 
material (the compound of formula (150^ anH . 

(X)) are highly soluble in T^T^^ :' ^^'"^-"'^ °^ ^-"'^ 

20 Phosphorylation step. " ^^'^^ -^"^"ent 

After hydrogenolysis, the catalvst ^Prf/r^ .a., 
«c«so,„.e^y,„i,, Phosphl!^ ™"''~''^"'*^=°'-■'- 
nei.h„, ,„^„„,, (^ 3^ 

- -e. -^-ca,„„or.e.b;jr;!'^rrr:'"r'^""^'™'"' 

became d,e glycerol „,er bo„<, are hydroted Z """"""'"^ 
Produc, degradation occurs also H ■ "'"""^ ^ ,o 3)^ 

occur, also d„™,g p^n^rion over silica gel. Accordingly i, , 


wo 98/50041 


PCTAJS98/07712 


-143- 

preferred to use the phosphate salt without further purification. Nucleophilic 
displacement of the bromide ion by a large excess of trimethylamine occurs in a solvent 
mixture of CHCI3/CH3CN at 45C over a 12 hour period. The displaced bromide ion 
can be precipitated by the addition of silver carbonate. 
5. Conjugation with dexamethasone 

The procedure in Example 2 is repeated substituting compound (IX) or its 
phosphate salt for the fluorinated amphiphilic moiety. The resulting compound is a 
fluorinated phosphochoiine-dexamethasone prodrug having the formula set forth below. 


10 


F3C(CF2)7{CH2)7 (CH2)7(CF2)7CF3 


0 

H2C- 


CHCH2O P 0(CH2)2 N(CH3)3 

o 



Example 8 

1 5 A suspension of perfluoropentane was made by mixing it with the fluorinated 

amphiphilic prodrug described in Example 2. As an aside, similar suspensions may be 
made using a perfluorocarbon gas described herein and a surfactant as described herein. 
The mixture of fluorinated amphiphilic prodrug and fluorocarbon can be made in 
various ways that introduce energy into the system, including, for example, agitation on 
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a vortexer, shaking on a Wig-L-Bug amalgamator, extruding though an extruder device, 
emulsification with an Emulsi-flex de^'ice or with a Microfluidizer. In this example, the 
mixture was made using an extruder device. The mixture of perfluoropentane and 
fluorinated amphiphilic prodrug was then stirred into a 25% (w/v) solution of glucose in 
5 water. This material was tested and found to be acoustically active. 

Example 9 

A polyaspartate polymer containing fluorine was prepared by dissolving 1.5 g of 
poly-L-aspanate (85Kd species) in 40 ml fonnamide at 50°C, cooling to room 
temperature, and adding 10 mis of pyridine, 1.85 g of l-hydroxybenzotriazole and 2.15 
10 g of perfluro-t-butyl-propylamine hydrochloride. Excess pyridine was then removed by 
evaporation. Dicyclohexylcarbodiimde (2.82 g) was then added and die solution was 
incubated at room temperanire with gentle stirring for 48 hrs. The byproduct 
N,N-dicyclohexylurea was removed by suction filtration, and the filtrate was poured 
into an equal volume dHjO and acidified with HCl to pH 3.0. The precipitated material 
15 was collected and redissolved in dH^O at pH 8.0. This solution can be optionally 

concentrated by reverse dialysis against solid high molecular weight polyethylene glycol 
or by lyophilization. The product is a fluorinated polyaspartate polymer wherein 
40-50% of the hydrogen atoms are replaced by fluorine. 

The fluorinated polyaspanate polymer from above can be mixed with the 
fluorinated amphiphile of Example 2 in a 5% (w/v) suspension of each preparation. 
The putative microspheres are deareated under a vacuum for two hours then subjected 
to sonic caviation in the mediod described by Cemy, U.S. Patent No. 4,957,656, the 
disclosure of which is hereby incorporated by reference herein in its entirety. 
Perfluorobutane added to the headspace during the sonication step will produce 
25 accoustically active microspheres. 

Example 10 

The methodolgy detailed below is a modification of the method of Hashimoto 
{Biochim. Biophys. Acta. (1985) 816:163-168), where the starting lipid, in this case 
glycerophosphoiylethanol-amine, is replaced by the fluorinated compound synthesized in 
30 Example 8, with the fatty acyl chains being fluorinated derivatives of myristic acid. 


20 
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10 


Methotrexate (40 (mol) is dissolved in 0.8 ml of 1:1 chloroforra/methanol (C/M). 
To this solution the following are added sequentially and stirred at room temperature for 
three hours: 120 ^mol of the fluorinated DMPE derivative in 5,6 ml C/M; 200 nmoi of 
N-hydroxysuccinimide in 0.8 ml C/M and 200 nmol N,N-dicyclohexylcarbodiimide in 0.8 
ml C/M. Following the incubation the solvent is removed in a rotary evaporator under 
reduced pressure at 40 "C. The residue is redissolved in 2 ml C/M and purified on 
preparative silica gel TLC plates developed in chloroform/methanol/water, 65:30:5. Four 
yellow bands with Rf fi-om 0. 1 8 to 0.49 are scraped from the plate and reextracted in 
methanol plus 2 vols of chloroform. The extract is purified on a Unisil column (Clarkson 
Chem. Co., Williamsport, PA) preequillibrated v^th methanol. The yellow fi-actions can 
be replated as before. The different bands represent different structural isomers with 
different points of attachment of methotrexate to lipid. 

The follov^ng illustration shows the positions where methotrexate is derivatized in 
the synthesis of the prodrug. * is the a position. ** is the y position. 


H2C 0 C — (CH2)4 (CF2)8 CPs 

0 HC O C — (CH2)4 (CF2)b CF3 

NH2 — (CH2)4 — 0 — P — 0 — CH2 0 



0 

II 


CH2 


«COH 


II 

0 


o 
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Example II 

This example is directed to the preparation of a fluorinated 
DPPE-PEG-peptide, where the peptide is -Lys-Gb-Ala-Gly-Asp-Val. 
A. Preparation of (o, u'-dimeihylenecarboxypofyethylene glycol anhydride. 

To a cooled (0 to 5C) solution of chlorosulfonyl isocyanate 
(14.2 mg) in CHCI3 (5 mL) was added a solution of w.co'-dimethylenecarboxy- 
polyethylene glycol (0.34 g) and triethylamine (20 mg) in CHCI3 (20 mL). The 
reaction mixture was stirred overnight and poured into ice water. The organic layer 
was isolated and dried (NaSO,). Filtration and concentration of the organic layer in 
vacuo yielded the following anhydride compound as a white solid (0.2 g). 


O CCH20(CH2CH20)e CH2CH2OCH2C O 


where e is 8. Generally, e may be an integer of from about 1 to about 30. 
B. Preparation of l,2-dipalmitoyl-sn-glycerol-3-phosphoethanolamine-N- 
carbonylmethylene-u '-carboxy-pofyethylene glycol (DPPE-a-carboxy-PEG). 

To a cooled (0 to IOC) solution of the anhydride compound from Step A 
(0.3 g) m CH2CI2 (10 mL) was added a solution of fluorinated DPPE (0.07 g) and 
triethylamine (0.05 g) in CH^Cl, (15 mL). The resulting reaction mixture was stirred 
overnight, poured into ice water and neutralized with 10% HCl to a pH of less than 3. 
The organic layer was isolated and dried (NaSO,). Filtration and concentration of the 
organic layer in vacuo provided 0.45 g of DPPE-co-carboxy-PEG, of the following 
formula, as a dark white solid. 

F3C{CF2}7(CH2)7 (CH2)7(CF2)7CF3 


=c c=o 

I I 

O 0 0 

Jc ' II 

^"C"20j'0(CH2)2NHCCH20(CH2CH20)eCH2CH20CH2COOH 

OH o 
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C. Preparation of l,2-dipQlmi^oyl-sn'gtycerol'3'phosphoethanolamine'N• 
carbonylmethylene-poly€thylene glycol-succinimide (DPFE-ui-carboxy-PEG'Succimmide) 

To a cooled (0 to 5°C) solution of DCC (3 mg) in acetonitrile (2 mL) 
was added a solution of fluorinated DPPE-o)-carboxy-PEG from Step B (60 mg), 
5 N-hydroxy-succinimide (1.8 mg) and dimethylaminopyridine (0.2 mg) in acetonitrile (6 
mL). The resulting mixture was stirred for 3 hours at 0 to 5°C and then overnight at 
room temperature. The solid which formed was removed by filtration and the filtrate 
was concentrated in vacuo to provide 60 mg of fluorinated DPPE-o>- 
carboxy-PEG-succinimide of the formula: 

F3C(CF2)7(CH2}7 {CH2)7{CF2)7CF3 

0 = C C = 0 

10 



HC CHCH20PO(CH2)2NHCCH20(CH2CH20)eCH2CH20CH2COON 

OH O 


£>. Preparation of fluorinated DPPE-PEG-Lys-Gln-Ala-Gly-Asp-Val conjugate 

To a cooled (0 to 5°C) solution of Lys-Gln-Ala-Gly-Asp-Val (5 mg) in a buffer 
solution at pH 8.5 was added dropwise fluorinated DPPE-w-carboxy-PEG-succinimide 
(40 mg) in acetonitrile (10 mL). The resulting mixture was stirred at room temperature 
15 for about 48 hours, The acetonitrile was removed in vacuo, and the mineral salt was 
dialyzed out through a membrane having a molecular weight cutoff of 1000. 
Lyophilization afforded 35 mg of the title compound (DPPE-PEG-Peptide, where the 
peptide is 

-Lys-Gln-Ala-Gly-Asp-Val) as a white solid. 

F3C(CF2)7(CH2)7 (CH2)7(CF2)7CF3 

I I 

o=c c = o 

20 O i 0 

I I II 

HC CHCH20PO(CH2)2NHCCH2C5(CH2CH20)eCH2CH20CH2CONH Peptide 

I II 
OH 0 
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Example 12 

n.. Elmathioncprodrug fr<,„ Exanpk 6 is .dmto,„ed u> ftc Jm„«, of .he 
esophagus via a. endoscope witt .o=c„rtco, appIicadOB of a co-Muou. „,v. 
«i.a.o™d probe of 3 MH. a, , wa..™=, ,00% du,y cycle for ,0 n^^, ,o „rg« 
5 dysplasia a padeat exhibiting Barrem esophagus (esophageal reflux). 

The disclosure of each parem, pa,an, applicadon and publication ci,^ or described in 
■h,s documem is hereby incorpora^d by reference herein i„ fair endrery 
Various „odif,cador. of dre invendon, in addiUon ,o d,„se described herein, wil, be 

>PP-- -ne Skilled in die arrfr^^dreforegourgdescripdon. Such modincadons 
10 are also .mended ,o fall within Ure scope of d,e appended claims 
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Claims 

What is claimed is: 

1. A compound of the formula (I): 

R-(X)p-D 
(I) 

wherein: 

R is a fluorinated amphiphilic moiety; 

X is a linking group; 

p is an integer of 0 or 1; and 

D is a bioactive agent. 

2. The compound of claim 1, wherein p is 1, and X is a linking group comprising an 
amide group, an ester group, an ether group, an anhydride group, a disulfide group, an 
SO2NH group, an amino group, a thio group or an alkyl group. 

3. The compound of claim 2, wherein X is a linking group selected from the group 
consisting of -CONH-, -NCONH-, -C(=0)0-, "C(=)OOC(=0)-, -S-S-, -0-, SOjNH, 
-NH-, -S-, and -(CH^^-, wherein n is an integer of from 1 to about 12. 

4. The compound of claim 1, wherein D is a bioactive agent selected from the group 
consisting of antineoplastic agents, blood products, biological response modifiers, anti- 
fungal agents, hormones, steroids, vitamins, peptides, peptide analogs, enzymes, anti- 
allergenic agents, anti-coagulation agents, circulatory agents, anti-tubercular agents, anti- 
viral agents, anti-anginal agents, antibiotics, anti-inflammatory agents, analgesics, anti- 
protozoan agents, anti-rheumatic agents, narcotics, cardiac glycoside agents, chelates, 
neuromuscular blocking agents, sedatives, local anesthetic agents, general anesthetic 
agents, radioactive particles, radioactive ions, X-ray contrast agents, monoclonal 
antibodies and genetic materials. 
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5. ^^^--PO-'iofc.a^^.whereinDisabipactiveagentselectedfro.^ 


6. ^^ --Poundofclai. 5. wherein the bioacUve agent is selected fro. ^ 
consisting of dexamethasone, amphotericin R «Hri • • ^ 

. . ' ^ °*^""° ^'^'^"^y«n. mitomycin ctaxol and tissue 

plasminogen activator. """a iissue 


7. The compound of cl.m ^ wherein R is selected from the group con.is.ng of a 

.o.etyot^eor.uia(n),amoietyofthefo™u,a(„I).amoiety Of the formula 
moiety of the formula (V) and a moiety of the formula (VI): 

CF3-(CFA-(CHJ„-C(=0)-0H 

wherem n is an integer of from about 7 to about 1 1 m • • 
about 4; ' " "^fr"™ ^^out 1 to 

CxF2x.,-(CH^j-(OCH,CH2),.OH 

(in) 

wherein x is an integer of from about 6 to about n • • 

about 20; ' ^ '"'^8^^ °f fro'" about 8 to 

QF2,.r(CHj)j-(OCH,CH2),-0-A 
(IV) 

wherein x is an integer of about 6 to about n , • • 
and A is selected fron, th '"''^'^ °^ ^° ^^out 20, 

selected from the group consisting of monosaccharides and disaccharides; 


(Rl-X.)y_R,__Y-R3-Z 


(V) 

wherein each of x. y and z is independently 0 or 1- each X is inH . . 

isOorS; Yisadirectbondor-X34o;r ^^'^ -;^=^^>^- ^ -NR.-C(--X,-; X. 

3 M( 0)(0R,),.O-, where q is 1 or 2; X3 is a direct bond 


PCT/l)S98/07712 

WO 98/50041 

-151- 

or O MisPorS- Z is hydrogen atom, the residue of a hydrophiUc polymer, a 

or -0-, M .s P r S, y j^depender^tly an alkyl group of 

::::Lora.a..eh...oupofltoahoutlO.^^^^^^^^ 
ora^alkylened^calofl .0 about ,0 CBrbon atoms; «ch of a^d R, is P 

atom o, a. ^^ ^o.p of , ,0 abou. S carbon, a., .acb R. .s ,nd^=«^a 
a.o., an .o.p of , .o .bo„. S .atbo. atoms o, . tcs.u. o«^^ 
„o J.r provided that s, least oo. of ^ y and z is a. l«st one of R, ts a fluonn.t«. 
::7;::pofUo.bo,,t30ca:bonatoms;ptovided.bat..enK.isad.ectbo„d..»oof 

X, y and z are each 0; and 
(XiRl)x 

I I O 

{XiRi)2 O 

(VI) 

. • R R R X YZxyandz are as defined above in formula (V)andwhereets 
wherein Ri, Kj, Kj, a,, i , '^j j 
an integer of from 1 to about 30. 

8. The compound of claim 7, .herein R is a moiety of the formula (II). 

The compound of claim 7, wherein R is a moiety of the formula (III). 
,0. The compound of claim 7. wherein R is a moiety of the formula (IV). 
n . The compound of claim 7. wherein R is a moiety of the formula (V). 
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12. The 


compound of claim 11, where R is a moiety of the fonnula (Va): 


CF 


3 {CF2)n— (CH2)^ — COCHCH2OPO— (CH^)^— N(CH3)3 


OH 

CH,OC— (CH,)^_(CF,),— CF3 
0 


13. The compound of claim 7, wherein R 


IS 


a moiety of the fonnula (VI). 


14. The compound of claim 13, wherein R 
CF3(CF2),(CH,)^ (CH2)^(CF,)„CF3 

r I ° 

HC; CHCH 


is a moiety of the formula (Via): 


wherein n is an integer of from about 7 to about 13; m 
an integer of from 1 to about 30. 


I^Op(CH,),NH-cCH,0(CH.CH,0),CH,CH,OCH,C 
OH 

(Via) 


OH 


is an integer of 1 to about 4; e is 
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15. A composition comprising, in an aqueou:: carrier, a compound of the 
formula (I): 

R-X-D 
(I) 

wherein: R is a fluorinated amphiphilic moiety; 

X is a linking group; 
p is an integer of 0 or 1; and 
D is a bioactive agent. 

16. The composition of claim 15, wherein, in formula (I), p is 1, and X is a 
linking group comprising an amide group, an ester group, an ether group, an anhydride 
group, a disulfide group, an SO2NH group, an amino group, a thio group or an alkyl 
group. 

17. The composition of claim 16, wherein X is a linking group selected from the 
group consisting of -CONH-, -NCONH-, -C(=0)O-, -C(=)OOC(=0)-, -S-S-, -0-, SO^NH, 
-NH-, -S-, and -(CHj)^-, wherein n is an integer of from 1 to about 12. 

18. The composition of claim 1 5, wherein D in formula (I) is a bioactive agent 
selected from the group consisting of antineoplastic agents, blood products, biological 
response modifiers, anti-fungal agents, hormones, steroids, vitamins, peptides, peptide 
analogs, enzymes, anti-allergenic agents, anti-coagulation agents, circulatory agents, anti- 
tubercular agents, anti-viral agents, anti-anginal agents, antibiotics, anti-inflammatory 
agents, analgesics, anti-protozoan agents, anti-rheumatic agents, narcotics, cardiac 
glycoside agents, chelates, neuromuscular blocking agents, sedatives, local anesthetic 
agents, general anesthetic agents, radioactive particles, radioactive ions, X-ray contrast 
agents, monoclonal antibodies and genetic material. 

19. The composition of claim 18, wherein D is a bioactive agent selected from the 
group consisting of antineoplastic agents, anti-fungal agents, hormones, steroids, peptides 
and peptide analogs. 
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20. The composition of clain, 19. wherein the bioactive agent is selected from ,he 
group consisting of dexamethasone amohoterinn R .aa 

, . ^■^P*'°'^"'=«>B.adnamycm, mitomycin ciaxol and 

tissue plasmmogen activator. 

21. The composition of claim 1 5 wherein R U .Pi..t»^ ^ 

wnerem K is selected from the eroup consisting of 

""^^ - -^-^^^ ^'^^ ™ ^ -^t. of .e fL. 

moiety of the formula (V) and a moiety of the forBiula (VI): 

CF3-(CFj)„-(CH^„.C(=0).0H 

£e„. . . . tae^e, of .o. , „ 2 ,3, „ . . of fto„ a.ou, , ,„ 

C,F^*,-(CHJj.(OCHjCH,X-OH 
(in) 

wherein x is an integer of from about 6 to about 1 9 =,nM • 
about 20; 12, and z is an mteger of from about 8 to 

C,F2,.r(CH,),-(0CHjCHj),.0.A 
(IV) 

selected from the group consisting of monosaccharides and disaccharides; and 

(Xi— R,)^ 


(Rl-X.),__R^__Y-R3_Z 


(V) 

wberein eachof , y . , , ^ ^ ^^^^ 

SO-, -SO,-, -NR,., -C(=X^., -C(=X,)-0- -0-Cf=X ^ rr-v n x™ ^ ' ^ ' 
isOorS. Visadirectbondor-X3-M(=OXO.^ -C(-X,-NR,. or -NR.-C(--X,-; X. 
or -0- M is P or S 2 i. h . ^^VO-. where q is 1 or 2; X3 is a direct bond 

. .s P or S, Z IS hydrogen atom, the residue of a hydrophihc polymer a 


wo 98/50041 


PCT/US98/07712 


- 155 - 

or an alkylene diradical of 1 to about 10 carbon atoms; each of and Rj is independently 
a hydrogen atom or an alkyl group of 1 to about 8 carbons; and each is independently a 
hydrogen atomi, an alkyl group of 1 to about 8 carbon atoms or a residue of a hydrophilic 
polymer; provided that at least one of x, y and z is 1, at least one of R, is a fluorinated 
alkyl group of 1 to about 30 carbon atoms; provided that when R2 is a direct bond, two of 
X, y and z are each 0; and 

(XiRi)x 

(Ri Xi)y R2 — Y — Ra Z— CCH20(CH2CH20)eCH2CH20CH2COH 


(X1R1); 


(VI) 

wherein R,, Rj, R3, X„ Y, Z, x, y and 2 are as defined above in formula (V) and where e 
is an integer of from 1 to about 30. 

22. The compostion of claim 21, wherein R is a moiety of the formula (II). 

23. The composition of claim 21, wherein R is a moiety of the formula (III). 

24. The composition of claim 21, wherein R is a moiety of the formula (IV). 

25. The composition of claim 21, wherein R is a moiety of the formula (V). 

26. The composition of claim 25, where R is a moiety of the formula (Va): 


CF3 — (CF2)n (CH2)m COCHCH2OPO (CH2)m N(CH3)3 


OH 


CH2OC — (CH2)^ — (CF2)n— CF3 
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wh.™ „ i, .„ , ,^ ^ ^ ^^^^ _ ^^^^^ ^ 

Tie „„p„sWo. of clain, 2,, ^ ,, , ^^^^ 


0=9 c=o 


T ? o 
hI ' « 

CHCH,OPO,CH,„.„_cCH,0,C^tCH,0,,CH.CH=OC^COH 


OH 0 


(Via) ° 


29. The 

fomis a vesicle. snipmphilic moiety 


Jompo.i„o„ of Cairn ,5. Wherein .aid fl„ori„a,ed a„,phiphi,ic „oi. 


^con,p„si„.„ of Cain, ,5, whereih .a,d fluori„a,ed amphiphilic ™ie 


30. The 

non-vesicular. """"^^'^a ampniptiUic moiety is 


31. The 


32. Tl-e oompos,,™, „, ca™ „, ^ ^^^^^^^ 

33. The composition of Cairn 32, „he,eio sa.d nuo™a,ed ,i<,oid is selected frotn 
U.= g^fp conststh,, of pe.n„„,ohe,.e, peH,.otohepta„, pcflloctL" 
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„. Tl.eco.^smo.ofclsiml5.fu«l.ercompri.taEanoil. 

3, T.eco.posWo»ofc,ai»34.*re^*"iUsafluori.3.c.o„. 

■ f Wr^ %6 wherein said stabilizing material comprises a 

37. The composition of clami 36. wherein sai 

lipid, a protein or a polymer. 

• • f i.im 37 wherein said stabilizing material comprises a 

38. The composition of claim 37, wherein 

lipid. 

• • r i.in, 36 wherein said stabilizing material comprises a 

39. The composition of claim 36, wherem b<u 

surfactant. 

. • ^ 1 3Q wherein said surfactant is a fluorinated 

40. The composition of claim 39, wherem sai 

surfactant. 

f .i,in, 36 Wherein said stabilizing material is in the form 

41. The composition of claim 36, wherein sai 

of a vesicle. 

The co.pc.i„.n of Cairn 36. whc=. .ai. n,a,e.a> is .o„-v«icuiar^ 

«, The compo.i„on of Cai™ 15. funher comprisiBg a ..getrng «iand. 

«. The composiUon of c,.,n i5, furt.er eompnsing a .a,ge.ing Ugand a.d a gas. a 
gaseous precursor or a gas and a gaseous precursor. 


wo 98/50041 

PCT/US98/07712 

-158- 

45. The composition of claim 3 1 or 44. >vherein the gas or gaseous precursor is 
selected from the group consisting of nitrogen, sulfur hexafluoride. a perfluorocarbon 

and a perfluoroether. 


46. The composition of claim 45, wherein the perfluorocarbon is selected from the 
group consisting of perfluoromethane, perfluoroethane, perfluoropropane 
perfluorobutane. perfluoropentane, perfluorocyclobutane, and perfluorocyclopropane. 

47. The composition of claim 45, wherein the perfluoroether is selected from the 
group consisting of perfluorobutylmethylether, perfluoromethylpenHether 
perfluorotetrahydropyran and perfluoromethyltetrahydrofuran. 

48. ^-0-Posit.on of claim 43 or 44, wherein the targeting ligand is selected 
from the group consisting of protebs. peptides and saccharides. 

49. TT'-omposition of claim 43 or 44. whereit, the targeting ligand is selected 
from the group consistmg of cytokines, integrins. cadherins. immunoglobulins and 

selectms. 


50. The co„,p<„i„oo of Cai. « or 44. whceu, 4. ,=rg=d„g „g^d 

lymphocytes. 


51. The composition of claim 43 or 44 whRr^,„ . • . 

™ '•4, wherein the targetmg ligand targets 
T-cells, B-cells or Interleukin-2 receptoni. 

52. A method of delivering a bioactive agent to a patient comprising adn^i^stering to 
the patient a composition comprising, in an aqueous carrier, a compound of the fotmul 

R-(X)p-D 

wherein: 

R is a fluorinated amphiphilic moiety; 
X is a linking group; 
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p is an integer of 0 or 1 ; and 
D is a bioactive agent. 

53. The method of claim 52, further comprising imaging the patient with diagnostic 
ultrasound to monitor the location of the composition. 

54. The method of claim 53, further comprising applying therapeutic ultrasound to 
the patient to facilitate delivery of said bioactive agent in a desired region of the patient, 

55. The method of claim 52, wherein said fluorinated amphiphilic moiety forms a 
vesicle. 

56. The method of claim 52, wherein said fluorinated amphiphilic moiety is 
non-vesicular. 

57. The method of claim 52, wherein said composition further comprises a gas, a 
gaseous precursor or a gas and a gaseous precursor. 

58. The method of claim 52, wherein said composition further comprises a 
fluorinated liquid. 

59. The method of claim 58, wherein said fluorinated liquid is selected from the 
group consisting of perfluorohexane, perfluoroheptane, perfluorooctane, perfluorononane 
perfluorooctylbromide, perfluorooctyliodide, perfluorotripropylamine, 
perfluorotributylaraine, perfluorodecalin and perfluorododecalin. 

60. The method of claim 52, wherein said composition further comprises an oil. 

61. The method of claim 60, wherein the oil is a fluorinated oil. 

62. The method of claim 52, wherein said composition further comprises a stabilizing 
material. 
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63. The method of clain, 62. wherein said stabilizing material comprises a lipid a 

protein or a polymer. ' 

M. The „.U,od of cldB, 63, wherci. said s,»baizi,g , 

66. The „eU,od of dai. 65, wherdn said surfaaam is a II„orioa,«l surfaeun,, 

67 The method of claim 62, whereia said suhili^ng „a,erial is in ,h. form of a 

vesicle. 

68. The method of „aim 62, whereio said stabili^g m„.ri^ „o„.vcsic„|„. 

The method of Cairn 52, wherein said composition «.„her composes , targeting 

7a The method of claim 52. wherein said composition «mher comprises a t^gethtg 
Lgand and a gas,, gaseous precursor or a gas and. gaseons precursor. 

from the group conststing of mtrogen, sulfcr hexaSuoride, a petfluorocarbon a 

perfluoroether. 

colti„J!f T '^^^-^^ i» -'-d from thegroup 

ns.s..ng of pe*orometha„e, pctfluoroethane. per^uoropropane, perfluorobutane 
pe*oropent.„e, perfluorocyclobutane and perfluorocyclopropane. 

73. The method of claim 7, , wherein the perfluoroether is selected from the group 
oonststtng of perfluorohtttylmethylether. perihoromethylpemylether 
perfluorotetrahydropyran and petfluoromethyHetrahydrofirra,. 
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V, ; fdain. 69or70 wherein the targeting Ugand is selected from the 
74 The method of clarm oy or /v;, wu 
g,oup consisting of proteins, peptides and saccharides. . 

V • ♦»,»t9rBetinEliaand is selected from the 

group consisting of cytokines, micg. , 

.=*od of dai. 69 o, 70, »h»ei. ,.ge,ins «S-- -S«s T-ceU. 

B-cells or lnterleukin-2 receptors. 

u . f ,.^m 52 ^vherein, in formula (I), p is 1, and X is a linking 
78. The method of claim 52, ^vherem, m ^ 
.oupcompnsing an amide group, an ester gro^^an e.^^^^^^^^ 

CO -NTH cn-ouD an amino group, a uuu g'""*' 
disulfide group, an SOjNH group, an b 

f rnTffl -MCONH-, -C(=0)0-, -C(=)OOC(-0)-, b b , 
consisting of -CO>iH-, n, ^ , 

-S-. nnd -(CHJ.-. wh«m „ is a. of from Uo about 12. 
,0 Th=n,..bodofd™52,wher=inDm.b.fomu,a(I)isabio.c.iv=agca. 

;,e„.s, genera. a.es«c ag«s, radioacdv. panide. rad.oaa,ve ,o„s. X-ra, 
agents, monodona! antibodies and genetic material. 

, , Tbe method of daim SO, wberein D is a bioactiv. agent selected from the g^up 
JLng of anttneopiastic age^s, anti-.ngal agents, bo^one.. steroids, pepttdes and 


peptide analogs. 
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82. ll''-''odofdai.8.,wh«.i.,hebioacm,e,g™,i„el„edfro™Ae8,™,p 
«g oU^^.^, 3_ ^^^^ ^^^^^ ^_ ^ J 

plasminogen activator. 

zrr, """" T ' 

fonn-la (IV). a coiety of ,he fonnula (V) ..d a moicy of fon.da (VI): 

CF,-(CFJ..(CH0,.C(K)).OH 

*,«n.i3..in,=,„of.o„abo«r.oabou. .3. . . a. i„eg„ of fro„ , ,„ 

C,Fj,„-(CH2)2-(OCHjCHjVOH 

(m) 

. is a. tae,„ of .o„ , ,0 a.o« and . . a. tae,„ of .o™ aboo, . .o 

CxF2,.,-(CH,),-(0CHjCHj),-0-A 
(IV) 

whe^e. X . an ...er of about 6 to about 12. z is a„ integer of about 8 to about 20 
and A . selected fro. the .roup consisting of .onosaccbaHdes and disacchan.es; ' 


(Rl Xi)„ V 


(V) 

SO -SO. NR.-, .C(=X,-. -C(=X,-0-. -0-C(=X,-, .C(=X,-NR.. o^-^^.C(=X ) • X 
>s 0 or S; Y IS a direct bond or -X3-Mf=0V0P ^ o ^ ' 
or -O- M is P or S- Z i. H H ^^^^^^^'O". ^here q ,s 1 or 2; X, is a direct bond 

;-o-.--a,o.o..o.a.ed.,j::;:;;:~:z 
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or an alkylene diradical of 1 to about 10 carbon atoms; each of and is independently 
a hydrogen atom or an alkyl group of 1 to about 8 carbons; and each is independently a 
hydrogen atom, an alkyl group of 1 to about 8 carbon atoms or a residue of a hydrophilic 
polymer; provided that at least one of x, y and z is 1, at least one of is a fluorinated 
alkyl group of 1 to about 30 carbon atoms; provided that when Rj is a direct bond, two of 
X, y and z are each 0; and 


(XiRi): 


(Ri Xi)y Rs — Y R3 Z CCH20(CH2CH20)eCH2CH20CH2COH 


(X1R1); 


(VI) 


wherein R,, R2, R3, X„ Y, Z, x, y and z are as defined above in formula (V) and wherein 
e is an integer of from 1 to about 30. 

84. The method of claim 83, wherein R is a moiety of the formula (II). 

85. The method of claim 83, wherein R is a moiety of the formula (III). 

86. The method of claim 83, wherein R is a moiety of the formula (IV). 

87. The method of claim 83, wherein R is a moiety of the formula (V). 

88. The method of claim 87, where R is a moiety of the formula (Va): 


CF3 (CF2)n (CH2)m COCHCH2OPO (CHz)^ N(CH3)3 


OH 


CH2OC (CH2)m (CF2)n CF3 
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CVa) 

wherem n is integer of from about 7 to about 13; and m i 


IS an jnteger of from 1 to about 


89. The method of claim 83 wherein » ,c. 

x\ nerem R ,s a moiety of the formula (VI). 

90. The method of claim 89 wherem p .v • , 

oy, wherem R is a moiety of the formula (Via): 


CF3(CF2)„(CH2)^ (CH2)^(CF2,„CF; 


0=c c = 0 

° 0 , 
I I 

in I II 

(Via) ° 
wherein ri is an integer of from about 7 to about IV m ic • 

integeroffrom 1 toabout30. mts an integer of 1 to about 4; e is an 
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